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TITLE: Improved fusion proteases and methods for producing them 

FIELD OF INVENTION 

A number of microbial^ derived related proteases are notably difficult to produce in 
5 industrially relevant yields, they may be prone to various types of degradation and/or instabilities. 
The present invention provides methods for producing such proteases by expressing them as 
fusion proteases comprising a heterologous pro-sequence. The invention further provides the 
resulting proteases comprising such heterologous prosequences. 

The present invention relates to isolated polypeptides having protease activity related to 
a Nocardiopsis sp. protease, and isolated nucleic acid sequences encoding such proteases. The 
invention furthermore relates to nucleic acid constructs, vectors, and host cells comprising these 
nucleic acid sequences as well as methods for producing and using the proteases, in particular 
within animal feed. 
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15 BACKGROUND 

Polypeptides having protease activity, or proteases, are sometimes also designated 
peptidases, proteinases, peptide hydrolases, or proteolytic enzymes. Proteases may be of the 
exo-type that hydrolyses peptides starting at either end thereof, or of the endo-type that act 
internally in polypeptide chains (endopeptidases). Endopeptidases show activity on N- and C- 
20 terminally blocked peptide substrates that are relevant for the specificity of the protease in 
question. 

The term "protease" is defined herein as an enzyme that hydrolyses peptide bonds. It 
includes any enzyme belonging to the EC 3.4 enzyme group (including each of the thirteen 
subclasses thereof). The EC number refers to Enzyme Nomenclature 1992 from NC-IUBMB, 

25 Academic Press, San Diego, California, including supplements 1-5 published in Eur. J. Biochem. 
1994, 223, 1-5; Eur. J. Biochem. 1995, 232, 1-6; Eur. J. Biochem. 1996, 237, 1-5; Eur. J. 
Biochem. 1997, 250, 1-6; and Eur. J. Biochem. 1999, 264, 610-650; respectively. The 
nomenclature is regularly supplemented and updated; see e.g. the World Wide Web (WWW) at 
htto://www.chBm.omw.ac.uk /iubmb/enyyme/index.htm|) 

30 US patent publication No. 2002/01 82672A1 discloses, that if one or two of the last two 

amino acids at the C-terminus of a polypeptide is/are charged polar: D or E (negatively charged) 
or K, R, or H (positively charged), the tail would be considered polar, charged, and this makes the 
polypeptide resistant against proteolytic degradation by a subclass of proteases that recognize 
non-polar C-terminal tails of secreted proteins. 



Another disclosure reported, that proline residues at the C-terminus of nascent 
polypeptide chains induce degradation of the polypeptide (2002. Prolin residues at the C terminus 
of nascent chains induce SsrA tagging during translation termination. J.Biol.Chem 277-33825- 
33823). 

SUMMARY OF THE INVENTION 

It is a well-known problem in the art of expressing polypeptides having proteolytic activity, 
that many of such polypeptides are inherently unstable, they may be subject to autoproteolysis. or 
they may be targeted for degradation by other proteases already during their production, resulting 
in sub-optimal yields. Many other factors may contribute to their instability, not all of which are 
understood at present. It is of great interest to provide proteolytic polypeptides with an increased 
stability, that may thus be produced in higher yields. 

Secreted proteases of the S2A and/or S1 E classification, often have a pro-region which is 
cleaved off from the protease to produce the mature part of the protease. The present inventors 
have found, that production of S2A and/or S1E proteases as fusion polypeptides comprising a 
heterologous pro-region results in much improved yields when compared with production of the 
unaltered wild-type proteases. 

Accordingly, in a first aspect the invention relates to a secreted polypeptide which has 
protease activity, preferably alpha-lytic endopeptidase activity, which polypeptide comprises a 
heterologous pro-region, and which polypeptide: 

(a) comprises an amino acid sequence which is at least 70% identical. %, or preferably 
75%, 80%. 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%. 93%. 94%, 95%, 96%, 97%, 
98%. or 99% identical to the amino acid sequence of the mature part of the polypeptide 
shown in SEQ ID NO: 28; SEQ ID NO: 33; SEQ ID NO: 37; SEQ ID NO: 41; or SEQ ID 
NO: 43; 

(b) comprises an amino acid sequence which is at least 70% identical, %, or preferably 
75%, 80%, 85%, 86%, 87%, 88%. 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, or 99% identical to the amino acid sequence of the mature part of the polypeptide 
encoded by the polynucleotide In SEQ ID NO: 1; SEQ ID NO: 2; SEQ ID NO: 25; SEQ 
ID NO: 31 ; SEQ ID NO: 32; SEQ ID NO: 36; or SEQ ID NO: 40; 

(c) comprises a mature part which is a variant of the mature part of the polypeptide having 
the amino acid sequence of SEQ ID NO; 28; SEQ ID NO: 33; SEQ ID NO: 37; SEQ ID 
NO: 41; or SEQ ID NO: 43. the segment comprising a substitution, deletion, extension, 
and/or Insertion of one or more amino acids; 
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W 13 encod^byanuclelcacid sequence which hybridizes under very lo* ,ow medium- 
^. me ,um. medium-hlgh. high . or ^ high sWngency ^ J ^ <"""■ 

W a polynucleotide encoding the mature part of a protease said 
5 polynucleotide obtainable from genomic DNA from NocanSopsis 

rfessootftfe/ sub*,. dassom«e f DSM 43235 by use of primers SEQ 10 

SEQ 'ZT 2 2 "° m " b ° Ds " «647 by use of primes 

SEQ ,D NOs: 34 and 35; from Nbcardfbps* prasjna 0SM 1SM8 UM 
pnme re seq lD no . s: « ano 3g . „ ^ ^ 

"yuseofpnmersSEQIDNO's^aandSS- 

SEQTMr, 0 "* ° f ID 0,860 10 NO; * °' SE ° '° NO: 25 : o, 
SEQ ID NO: 31;of SEQ ID NO: 32; of SEQ ID NO: 36; or of SEQ ID NO: 

<»» -^""Ke of (l)or„„ of at leas. 500 nudeobdes. preferably 400. 300 
200. or 100 nucleotides, or 
' 5 (,V) a complementary strand of (I), (||), or (no- 

te) is an allelic variant of (a), (b), (c), or (d); or 
(f) is a fragment of (a), (b), (c), (d), or (f). 

Poly^Tda'air ^17" ^ * " "~ ~ — « 

previous aspect. aspect, or an expression vector or polynudeobde c^nsfruc. as defined In the 

-sfru^aade.n^lfr.r^p^ " " eXPre8S ' M ^ " 

The sixth aspect of the invention relates to a transcend „«„ „ 
or elements the reo f. comprising a polynucfeo U da a^T^ InT"^'' " T^' 
e«„ vecto, „ p* ynuoteotlae ^ M ^ |n Z^IZ ^ ' " ^ 

-n.rrr^rjri^rouir ^ a - 

polypepllda. Pna " 9 *" ""'H 56 """ 8 - a "< ^on^ (b, recovering , he 
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(a) at least one fat-soluble vitamin, and/or 

(b) at least one water-soluble vitamin, and/or 
5 (c) at least one trace mineral; 

an animal feed composition having a crude protein content of 50 to 800 n*n «* 
compnsing at least one polypeptide as define i* .„,, r . ^ 9 and 

the previous aspect a8Pe °'' " * 18381 ° ne ,ee<l •*»«» ° f 

> «* a. teaTonTZ ° 0mPrtS ' n9 " ^ °~ P0lyP8P,ia8 88 **•< * ■» "f* 

phosphCipaseA, (EcT^ m ! t al f Jha -flalactosidase (EC 3.2.1 .22); protease (EC 3.4.-.-), 
mSZo £ * 3 ^ h Ph r Ph °" P8Se ^ <EC -V-P-pholipesa (EC 3.1.1.5 ; 

EC S5T ph0 ^ 0l "»- D (EC 3.1.4.4); and/or bete-glucanase (EC 3.2.1.4 o, 

DETAILED DESCRIPTION OF THE INVENTION 

Seone^^r^ ","» *•*-*■•"—*» into «he following group,: 

Serine proteases era ubiquitous, being found In virases. bacteria and euKarvotea- thav 

dans dencrted s A SB K SsTlT" TV™ ^ ^ ^ ^ 6 

evidence (Baned et al' S 8 Hand'bo* ? T T,^ " S " WtU ' a ' Slmi,a,,,yand 

fourof.be ctens (SA, ^ Slracfuras are Known fca, teas, 
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chymotrypisin (SA) dan, within which they have been assigned to subfamily A of the S2 family 
(S2A). 3 

Another classification system of proteolytic enzymes Is based on sequence information 
and is therefore used more often in the art of molecular biology; it is described in Rawlings. N.D. et 
5 ah, 2002, MEROPS: The protease database. Nucleic Acids Res. 30:343-346. The MEROPS 
database is freely available electronically at htto://ww W .mprnp Q M „„ According to the MEROPS 
system, the proteolytic enzymes classified as S2A in The Handbook of Proteolytic Enzymes', are 
in MEROPS classified as 'S1E' proteases (Rawlings ND, Barrett AJ. (1993) Evolutionary families 
of peptidases. Biochem. J. 290:205-218). 

In particular embodiments, the proteases of the invention and for use according to the 
invention are selected from the group consisting of: 

(a) proteases belonging to the EC 3.4.-.- enzyme group; 

(b) Serine proteases belonging to the S group of the above Handbook; 
(c1 ) Serine proteases of peptidase family S2A; 

15 (c2) Serine proteases of peptidase family S1E as described in BiochemJ. 290:205-218 (1993) 
and in MEROPS a protease database, release 6.20, March 24, 2003, (www.merops.ac.uk). The 
database is described in Rawlings, N.D., O'Brien, E. A. & Barrett. A. J. (2002) MEROPS: the 
protease database. Nucleic Acids Res. 30, 343-346. 

For determining whether a given protease is a Serine protease, and a family S2A protease 
reference is made to the above Handbook and the principles indicated therein. Such 
determination can be carried out for all types of proteases, be it naturally occurring or wild-type 
proteases; or genetically engineered or synthetic proteases. 

Protease activity can be measured using any assay, in which a substrate is employed, that 
includes peptide bonds relevant for the specificity of the protease in question. Assay-pH and 
assay-temperature are likewise to be adapted to the protease in question. Examples of assay-pH- 
values are pH 2. 3. 4. 5. 6, 7, 8. 9, 10, 11, or 12. Examples of assay-temperatures are 30, 35, 37 
40, 45. 50, 55, 60, 65. 70. 80, 90, or 95°C. 

Examples of protease substrates are casein, such as Azurine-Crosslinked Casein (AZCL- 
casein). Two protease assays are described in Example 2 herein, either of which can be used to 
determine protease activity. For the purposes of this invention, the so-called pNA Assay is a 
preferred assay. 

There are no limitations on the origin of the protease of the invention and/or for use 
according to the invention. Thus, the term protease includes not only natural or wild-type 
proteases obtained from microorganisms of any genus, but also any mutants, variants, fragments 
etc. thereof exhibiting protease activity, as well as synthetic proteases, such as shuffled 
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inoeased teveb^n ST °' lrnmUn0,08ICal res *°"- te « —*> response ieadlng ,„ 
sliding persons or m££ZT , bS C ° niU9a ' ed •* 

or alternatively thereto invoi v « ,„ „iw« , 99/00489. Conjugation may in addition 



98 A . o to the amino add sequence of the meture pert of the polypeptide 

,„ SEQ ,0 NO 28; SEQ ,0 NO: 33; SEQ ,0 NO: 37; SEO ID NO: 41 ; or SEQ ID 

m o™ 1 88% - 89% ' 9 ° % ' 91% ' 92% - M% ' 

7* * ld6n " Ca ' to ,he amln ° •* sequence of the mature pert of the polypeptide 
encoded by the polynucleotide in SEQ ,D NO: 1; SEQ .0 NO: 2; SEQ ID W 25 SEQ 
N0: 3,; SE ° » NO: 3Z- SEQ iO NO: 36; or SEQ ID NO- 40- 

a «*» P- which is e variant of the mature pert of'the polypeptide having 

! • 6 Se8ment C ° mp,isina 3 *"*«*n, deletion, extension 

end/orinsertionofoneornioreamlnoecids- ".exiension, 

(d) is encoded by a nucleic add sequence whid, hybridizes under very low. low medium 
low. med,um. medlum-high. high, or very high setngency condiJs with 
(I) e polynudeottde encoding the mature part of a protease said 
polynucleotide obtainable from genomic DNA from AtocentopsS 
dassonwJe/subsp. dassom#e,DSM 43235 by use of primers SEQ ID 

.^o ? A *" are " i " ,s ' 5 MM 1 5647 by use of primere 
SEQ ID NOs: 34 and 35; from NbceraSbpaft praslna DSM 15648 by use of 
pnmers SEQ ID NO'S: 38 and 39; or from Atocertfbpsfe preeine DSM 15649 
by use of primers SEQ ID NO's: 42 and 39- 

"" S^qTmoT?' 860 10 ^ " SEQ ID "* * * SE ° 10 NO: 25; of 
SEQ ID NO: 31; of SEQ ID NO: 32; of SEQ ID NO: 36; or of SEQ ID NO: 

(III) a subsequence of (I, or (II) of a. teas, 500 nucleoBdes. prefereWy 400. 300 
200, or 100 nucleotides, or 

(IV) a complementary strand of (I), (||), or (III)- 

(e) Is an allelic variant of (a), (b), (c), or (d); or 

(f) is a fragment of (a), (b), ( c ), (d), or (f). 
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•he program ^, n . J£?ZZ1 M *" nuc,e ° Ude set,rences ' * date "**a » 

program ,s usedl Item ^1 ^ all8nmem °* 3 9,01)81 a »™- ™e 

5 scoring matrix BLe^^^rT* " " ™» 

used for nu^fa.ZlT^r 6 aB9nmen,S ' "* <,e,aUl, ^ ~* <» 
and -16 for ** P«*««- 

for nudeot.de. ' " ** * rt " r ^ * • 8* are -2 for polypepedes. end -4 

Reason (,390) ^^3^ , ^ PNAS and W. R 

m s f %t™;„t compartson * fastp - fasta " — * 

'imWon on gep efce (see *" algoridim * no 

J- Mol. M ,47 SmW> - VVatem,an T. F. SmW, end M. S. Wefennen (,881) 

15 cm iro^Titr £ r; add ssquenoes a,so * — * - 

soflwere (DNASTAR ^ m! ^ " 3> U5,n9 MEGALIGN™ 

0 nudeolide sequenced » £ Z ™? *"«** The degree of ^ beKveen two 
descdbed abole 13 ? 9 •**««• aa 

Afraom»„. , ! KWe - 3 ' 9ap " 8n allS»3end W indowe=20. 

- -noand^oe^.CjC^r^^ 8 ^ 8 ^*^^^ 
embodiment a fraoment ^ . . ,u "- |e ngth ammo add sequence. In one 

a. leas, ,75 amino add ^Tues " * ^ 1 ? ° "*» — - 

po^morphism w«n,n ^ nah,ra " V ' HroU9h """^ ana ma ' — 

PO-ypepOde, or may T V ** ^ "* ^ 
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s Protease obtainable Zio DNA m 'T»~ — - « - 
43235 by use of primers iZZ^^TT *— 

Prtmers SEQ ID NO* 34 and 35 fr^'* ! dsm 15647 by use of 

ID NO* 38 and 39- V^JZ? «"» 15648 by use „, pnn , era SEQ 

and3 8;(l o,bep 0ly ;:r^rrr of ? E ^ 

10 NO: 31; of SEQ ID NO- 32- of SEO In Mr, * 0,860 ID NO: 25; of SEQ ID 

complementary sKand of (I) „ n 0 rmujT T f ~ nUete0,ldes ' * (IV) 8 

Pabular JZ^^T t " °* ^ *" ^ * « 

15 sequences of wTJ? T Se " iC,e<, *° m Bmon « st »• "»**> acid 

36. or SEQ ID NO: 40 Is a preferred ' "° "* *■ '° NO: 3 * « » NO: 

NO: 32, ~ * « ^ NO: 1. SEQ ID NO: 25. SEQ ID NO: 31. SEQ ID 
0 sequences of SEQ^D NO 28^SEQ 1 » « Se " U8nM *««* - «e» as the amino ac* 
or SEQ ID NO: 43, or a^en^T ? ° ^ * SEQ ' D N& 37 ' SBQ 10 ^ «• 
obwnat* from genr^^™ T" 3 9en ° m ' C ««««• a please 

use of primers SEQ ID NO s 28 T "*» DSM *» * 

SEQ ID NO* 34 ^ ~<-«»'ba DSM 15647 by use of primers 

or a subsequence thereof ' £mZ?? SEQ ' D ^ 42 and 39 ' 

encodi.po^p.esbaCrirr^crrr 01 ^^^ 8 ^ 

according ,o methods we,. Known In the an. ,„ palT^ 2 "T " 
hybrtdfeallon with the genomic or cDNA of the o °" " e USed ** 

Southern bloHing pmdures I To^ M JTZ " " '"'^ "* MnB 

probes can be ZLJ^££T* r "** «~*» •« therein. Such 
aueas.25. rtnMp ^ C ^0^^ ^ ^ ~ 
used. Both DNA and RNA probes can ba uZ^T I ^ prob « ^ 

responding gene (for elple Z^ ^ZT* " ^ ^ f ° r dete * 9 •» 
encompassed by me presenilis * * S ' b '°<"- ™*> Such probes are 
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Thus, a genomic DNA or cDNA library prepared from such other organisms may be 
screened for DNA that hybridizes with the probes described above and which encodes a 
polypeptide having protease activity. Genomic or other DNA from such other organisms may be 
separated by agarose or poiyacrylamide gel electrophoresis, or other separation techniques. DNA 
from the libraries or the separated DNA may be transferred to and immobilized on nitrocellulose or 
other surtable carrier material. In order to identify a clone or DNA which is homologous with SEQ 
ID NO: 1 or a subsequence thereof, the carrier material is used in a Southern blot. For purposes of 
the present invention, hybridization indicates that the nucleic acid sequence hybridizes to a 
labeled nucleic acid probe corresponding to the nucleic acid sequence shown in SEQ ID NO- 1 its 
complementary strand, or a subsequence thereof, under very low to very high stringency 
conditions. Molecules to which the nucleic acid probe hybridizes under these conditions are 
detected using X-ray film. 

For long probes of at least 1 00 nucleotides in length, very low to very high stringency 
conditions are defined as prehybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS. 200 
ug/ml sheared and denatured salmon sperm DNA. and either 25% formamide for very low and low 
stringencies, 35% formamide for medium and medium-high stringencies, or 50% formamide for 
h.gh and very high stringencies, following standard Southern blotting procedures. 

For long probes of at least 100 nucleotides in length, the carrier material is finally washed 
three times each for 15 minutes using 0.2 x SSC. 0.2% SDS, 20% formamide preferably at least at 
45"C (very low stringency), more preferably at least at SOX (low stringency), more preferably at 
least at 55'C (medium stringency), more preferably at least at 60°C (medium-high stringency) 
even more preferably at least at 65'C (high stringency), and most preferably at least at 70'C (very 
high stringency). 

For short probes about 1 5 nucleotides to about 70 nucleotides in length, stringency 
conditions are defined as prehybridization, hybridization, and washing post-hybridization at 5'C to 
10'C below the calculated T m using the calculation according to Bolton and McCarthy (1962, 
Proceedings of the National Academy of Sciences USA 48:1390) in 0.9 M NaCI. 0.09 M Tris-HCI 
P H 7.6. 6 mM EDTA, 0.5% NP-40. 1X Oenhardt's solution, 1 mM sodium pyrophosphate 1 mM 
sodium monobasic phosphate, 0.1 mM ATP. and 0.2 mg of yeast RNA per ml following standard 
Southern blotting procedures. 

For short probes about 15 nucleotides to about 70 nucleotides in length, the carrier 
material is washed once in 6X SSC plus 0.1% SDS for 15 minutes and twice each for 15 minutes 
using 6X SSC at 5°C to 10°C below the calculated T m . 

The present invention also relates to variants of the polypeptide of the invention, 
comprising a substitution, deletion, and/or Insertion of one or more amino acids. 
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c ^™'»'.Ior example AtocaK/raps&tfassomffle/DSM 43235 
Gen* IT o r i ,Tl n0my ' S aCOT< " ng '° *" ChaPter "»<"™P to the Manual by G M 
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Strains of these species are readily accessible to the public in a number of culture 
collections, such as the American Type Culture Collection (ATCC). Deutsche Sammlung von 
Mikroorganismen und Zellkulturen GmbH (DSM), Centraalbureau Voor Schimmelcultures (CBS) 
and Agricultural Research Service Patent Culture Collection, Northern Regional Research Center 
(NRRL). E.g., Nocardiopsis dassonvillei subsp. dassonvillei DSM 43235 is publicly available from 
DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH. Braunschweig, 
Germany). The strain was also deposited at other depositary institutions as follows- ATCC 23219 
IMRU 1250, NCTC 10489. * ' ' 

Furthermore, such polypeptides may be identified and obtained from other sources 
Including microorganisms isolated from nature (e.g.. soil, composts, water, etc.) using the above- 
mentioned probes. Techniques for isolating microorganisms from natural habitats are well known 
in the art The nucleic acid sequence may then be derived by similarly screening a genomic or 
cDNA library of another microorganism. Once a nucleic acid sequence encoding a polypeptide 
has been detected with the probe(s). the sequence may be isolated or cloned by utilizing 
techniques which are known to those of ordinary skill in the art (see. e.g.. Sambrook et a/.. 1989, 
supra). 

As defined herein, an "isolated" polypeptide is a polypeptide which is essentially free of 
other polypeptides, e.g.. at least about 20% pure, preferably at least about 40% pure, more 
preferably about 60% pure, even more preferably about 80% pure, most preferably about 90% 
pure, and even most preferably about 95% pure, as determined by SDS-PAGE. 

Polypeptides encoded by nucleic acid sequences of the present invention also include 
fused polypeptides or cleavable fusion polypeptides in which another polypeptide is fused at the 
N-terminus or the C-terminus of the polypeptide or fragment thereof. A fused polypeptide is 
produced by fusing a nucleic acid sequence (or a portion thereof) encoding another polypeptide to 
a nucleic acid sequence (or a portion thereof) of the present invention. Techniques for producing 
fusion polypeptides are known in the art. e.g. PCR. or ligating the coding sequences encoding the 
polypeptides so that they are in frame and that expression of the fused polypeptide is under 
control of the same promoters) and terminator. 

Another preferred embodiment relates to a polypeptide of the first aspect, which mature 
part is an artificial variant of a wildtype polypeptide said variant having one or more amino-acid(s) 
added to the C-terminus as compared to the wildtype; preferably the one or more added amino 
acid(s) is (are) non-polar or uncharged; even more preferably the one or more added amino 
acid(s) is one or more of Q, S, V, A, or P. 
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^ec.^:'^ 

TU TT. «. TP, u,. Tl, ,0. OP. « 3^ * ^ »■ 

even ^S^l^ T~ " * "~ uceCn 
aspect which comprises , h»>. m , Polypeptide according to the first 

Pomade Z^ZZ^Z^TT*^ * *" " «™" - 
* -enved from e f^Z^ZZ^Ti T ~ «-* 

comprises e„ amino acid LeCnav^I ^ 09OUS pBpBde 

80%. 85%. 86%. 87%. ^T^^ZJT^ '*""»'«««'-«*».. or preferabty 75%. 

Nucleic Ad^gggugQsg§ 

PO^Loedee^So o^ E ;^"to 80 ' d " - - 
32. SEQ id NO: 36. and « B £ " J * "° ° 25 ' SEQ 10 »°- « ■ » » NO : 

me sequence, p^^ ll^T «* "* ~- - - '-neon 
torn genomic DMA fan, " 9 re9i0 " *■«* «"* ,s ob «"abie 

p re se„ t ,„_ on , soe irrn:rrcr w :zr DS 7 3235Tha 

*. -mine add sequence ofamino acids shown in pi^to ^1^^ 

10 N <» "3. which nuoleto add sequences differ faTl P '™ '° 1M> °' 
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subsequences of of the above polynucleotides which encode polypeptide fragments that have 
protease activity. 

A subsequence of a polynucleotide is a nucleic acid sequence from which one or more 
nucleotides from the 5' and/or 3' end has been deleted. Preferably, a subsequence contains at 
least 225 nucleotides, more preferably at least 300 nucleotides, even more preferably at least 375 
450, 500, 531, 600. 700. 800. 900 or 1000 nucleotides. The present invention also relates to ' 
nudeot.de sequences which have a degree of Identity to the polynucleotide of SEQ ID NO- 1 
SEQ ID NO: 2, SEQ ID NO: 25, SEQ ID NO: 31. SEQ ID NO: 32. SEQ ID NO: 36. and SEQ ID 
NO: 40 of at least 85%. 86. 87, 88. 89, 90, 91. 92, 93, 94, 95, 96, 97. 98, or at least 99% 

The techniques used to isolate or clone a nucleic acid sequence encoding a polypeptide 
are known in the art and include isolation from genomic DNA. preparation from cDNA, or a 
combination thereof. The cloning of the nucleic acid sequences of the present invention from such 
genomic DNA can be effected, e.g.. by using the well known polymerase chain reaction (PGR) or 
anfbody screening of expression libraries to detect cloned DNA fragments with shared structural 
features. See. e.g., Innis et ai. 1990, PCR-.A Guide to Methods and Application, Academic Press 
New York. Other nucleic acid amplification procedures such as Hgase chain reaction (LCR) 
l.gated activated transcription (LAT) and nucleic acid sequence-based amplification (NASBA) may 
be used. The nucleic acid sequence may be cloned from a strain of Nocardiopsis or another or 
related organism and thus, for example, may be an allelic or species variant of the polypeptide 
encoding region of the nucleic acid sequence. 

The term "isolated nucleic acid sequence" as used herein refers to a nucleic acid sequence 
wh,ch is essentially free of other nucleic acid sequences, e.g. . at least about 20% pure, preferably 
at least about 40% pure, more preferably at least about 60% pure, even more preferably at least 
about 80% pure, and most preferably at least about 90% pure as determined by agarose 
electrophoresis. For example, an isolated nucleic acid sequence can be obtained by standard 
cloning procedures used in genetic engineering to relocate the nucleic acid sequence from its 
natural location to a different site where it will be reproduced. The cloning procedures may involve 
exc,s.on and isolation of a desired nucleic acid fragment comprising the nucleic acid sequence 
encoding the polypeptide, insertion of the fragment into a vector molecule, and incorporation of 
the recombinant vector into a host cell where multiple copies or clones of the nucleic acid 
sequence will be replicated. The nucleic add sequence may be of genomic, cDNA, RNA 
semisynthetic synthetic origin, or any combinations thereof. 

Modification of a nudeic acid sequence encoding a polypeptide of the present invention 
may be necessary for the synthesis of polypeptides substantially similar to the polypeptide The 
term "substantially similar" to the polypeptide refers to non-naturally occurring forms of the 
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polypeptide. These polypeptides may differ in some engineered way from the polypeptide isolated 
from its native source, e.g., variants that differ in specific activity, thermostability. pH optimum, 
allergenicity, or the like. The variant sequence may be constructed on the basis of the nucleic acid 
sequence presented as the polypeptide encoding part of the polynucleotides of the invention, e.g. 
a subsequence thereof, and/or by introduction of nucleotide substitutions which do not give rise to 
another amino acid sequence of the polypeptide encoded by the nucleic acid sequence, but which 
correspond to the oodon usage of the host organism intended for production of the protease, or by 
introduction of nucleotide substitutions which may give rise to a different amino acid sequence. 
For a general description of nucleotide substitution, see. e.g., Ford ei a/.. 1991. Protein 
Expression and Purification 2: 95-107. Low-allergenic polypeptides can e.g. be prepared as 
described above. 

it will be apparent to those skilled in the art that such substitutions can be made outside 
the regions critical to the function of the molecule and still result in an active polypeptide. Amino 
acid residues essential to the activity of the polypeptide encoded by the isolated nucleic acid 
sequence of the invention, and therefore preferably not subject to substitution, may be identified 
according to procedures known in the art, such as site-directed mutagenesis or alanine-scanning 
mutagenesis (see, e.g.. Cunningham and Wells. 1989, Science 244: 1081 -1 085). In the latter 
technique, mutations are introduced at every positively charged residue in the molecule, and the 
resultant mutant molecules are tested for protease activity to identify amino acid residues that are 
critical to the activity of the molecule. Sites of substrate-protease interaction can also be 
determined by analysis of the three-dimensional structure as determined by such techniques as 
nuclear magnetic resonance analysis, crystallography or photoaffinity labelling (see, e.g., de Vos 
et a/., 1992. Science 255: 306-312; Smith et ai., 1992, Journal of Molecular Biology 224: 899-904; 
Wlodaver et ai., 1 992, FEBS Letters 309: 59-64). 
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"Nudetc add construct- ia defined herein as a nudeic add molecule either sinola- or 
double-stranded, which is Isolated from a naturally occurring gene or whlcl^has b^en modified to 
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contain segments of nucleic acid combined and juxtaposed in a manner that would not otherwise 
exist in nature. The term nucleic acid construct is synonymous with the term expression cassette 
when the nucleic add construct contains all the control sequences required for expression of a 
coding sequence of the present invention. The term "coding sequence" is defined herein as a 
nucleic acid sequence that directly specifies the amino acid sequence of its protein product. The 
boundaries of the coding sequence are generally determined by a ribosome binding site 
(prokaryotes) or by the ATG start codon (eukaryotes) located Just upstream of the open reading 
frame at the 5* end of the mRIMA and a transcription terminator sequence located just downstream 
of the open reading frame at the 3' end of the mRNA. A coding sequence can include, but is not 
limited to, DNA, cDNA, and recombinant nucleic acid sequences. 

An isolated nucleic acid sequence encoding a polypeptide of the present invention may be 
manipulated in a variety of ways to provide for expression of the polypeptide. Manipulation of the 
nucleic acid sequence prior to its insertion into a vector may be desirable or necessary depending 
on the expression vector. The techniques for modifying nucleic acid sequences utilizing 
recombinant DNA methods are well known in the art. 

The term "control sequences" is defined herein to include all components that are 
necessary or advantageous for the expression of a polypeptide of the present invention. Each 
control sequence may be native or foreign to the nucleic acid sequence encoding the polypeptide. 
Such control sequences Include, but are not limited to. a leader, polyadenylation sequence, 
propeptide sequence, promoter, signal peptide sequence, and transcript/on terminator. At a 
minimum, the control sequences include a promoter, and transcriptional and translation^ stop 
signals. The control sequences may be provided with linkers for the purpose of introducing 
specific restriction sites facilitating ligation of the control sequences with the coding region of the 
nucleic acid sequence encoding a polypeptide. The term "operably linked" is defined herein as a 
configuration in which a control sequence is appropriately placed at a position relative to the 
coding sequence of the DNA sequence such that the control sequence directs the expression of a 
polypeptide. 

The control sequence may be an appropriate promoter sequence, a nucleic acid sequence 
that is recognized by a host cell for expression of the nucleic acid sequence. The promoter 
sequence contains transcriptional control sequences that mediate the expression of the 
polypeptide. The promoter may be any nucleic acid sequence which shows transcriptional activity 
m the host cell of choice including mutant, truncated, and hybrid promoters, and may be obtained 
from genes encoding extracellular or intracellular polypeptides either homologous or heterologous 
to the host cell. 
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Preferred terminators for yeast host cells are obtained from the genes for Saccharomyces 
cerevisiae enolase. Saccharomyces cerevisiae cytochrome C (CYC1), and Saccharomyces 
cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful terminators for yeast host 
cells are described by Romanos et al. , 1 992, supra. 

Preferred terminators for bacterial host cells, such as a Bacillus host cell, are the 
terminators from Bacillus licheniformis alpha-amylase gene (amyL), the Bacillus 
stearothermophilus maltogenic amylase gene (amyM), or the Bacillus amyloliquefadens alpha- 
amylase gene (amyQ). 

The control sequence may also be a suitable leader sequence, a nontranslated region of 
an mRNA which is important for translation by the host cell. The leader sequence is operably 
linked to the 5' terminus of the nucleic acid sequence encoding the polypeptide. Any leader 
sequence that is functional in the host cell of choice may be used in the present invention. 

Preferred leaders for filamentous fungal host cells are obtained from the genes for 
Aspergillus oryzae TAKA amylase and Aspergillus nidulans triose phosphate isomerase. 

Suitable leaders for yeast host cells are obtained from the genes for Saccharomyces 
cerevisiae enolase (ENO-1 ), Saccharomyces cerevisiae 3-phosphoglycerate kinase. 
Saccharomyces cerevisiae alpha-factor, and Saccharomyces cerevisiae alcohol 
dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP). 

The control sequence may also be a polyadenylation sequence, a sequence operably 
linked to the 3' terminus of the nucleic acid sequence and which, when transcribed, is recognized 
by the host cell as a signal to add polyadenosine residues to transcribed mRNA. Any 
polyadenylation sequence which is functional in the host cell of choice may be used in the present 
invention. 

Preferred polyadenylation sequences for filamentous fungal host cells are obtained from 
the genes for Aspergillus oryzae TAKA amylase, Aspe.gillus niger glucoamytase, Aspergillus 
nidulans anthranilate synthase, Fusarium oxysporum trypsin-like protease, and Aspergillus niger 
alpha-glucosidase. 

Useful polyadenylation sequences for yeast host cells are described by Guo and Sherman, 
1995, Molecular Cellular Biology 15: 5983-5990. 

The control sequence may also be a signal peptide coding region that codes for an amino 
acid sequence linked to the amino terminus of a polypeptide and directs the encoded polypeptide 
into the cell's secretory pathway. The 5' end of the coding sequence of the nucleic acid sequence 
may inherently contain a signal peptide coding region naturally linked in translation reading frame 
with the segment of the coding region which encodes the secreted polypeptide. Alternatively, the 
5' end of the coding sequence may contain a signal peptide coding region which is foreign to the 
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coding sequence. The foreign signal peptide coding region may be required where the coding 
sequence does not naturally contain a signal peptide coding region. Alternatively, the foreign 
signal peptide coding region may simply replace the natural signal peptide coding region in order 
to enhance secretion of the polypeptide. However, any signal peptide coding region which directs 
the expressed polypeptide into the secretory pathway of a host cell of choice may be used in the 
present invention. 

Effective signal peptide coding regions for bacterial host cells are the signal peptide coding 
regions obtained from the genes for Bacillus NCIB 1 1 837 maltogenic amylase, Bacillus 
stearothermophilus alpha-amylase. Bacillus licheniformis subtilisin, Bacillus licheniformis alpha- 
amylase. Bacillus staarotharmophUus neutral proteases (nprT, nprS, nprM), and Bacillus subtilis 
prsA. Further signal peptides are described by Simonen and Palva, 1993, Microbiological 
Reviews 57: 109-137. 

Effective signal peptide coding regions for filamentous fungal host cells are the signal 
peptide coding regions obtained from the genes for Aspergillus oryzae TAKA amylase. Aspergillus 
niger neutral amylase, Aspergillus niger glucoamylase, Rhizomucor miehei aspartic proteinase. 
Humicola insolens cellulase. and Humicola lanuginosa lipase. 

Useful signal peptides for yeast host cells are obtained from the genes for Saccharomyces 
cerevisiae alpha-factor and Saccharomyces cerevisiae invertase. Other useful signal peptide 
coding regions are described by Romanos et al. , 1 992, supra. 

The control sequence may also be a propeptide coding region that codes for an amino acid 
sequence positioned at the amino terminus of a polypeptide. The resultant polypeptide is known 
as a proenzyme or propolypeptlde (or a zymogen in some cases). A propolypeptide is generally 
inactive and can be converted to a mature active polypeptide by catalytic or autocatalytic cleavage 
of the propeptide from the propolypeptide. The propeptide coding region may be obtained from the 
genes for Bacillus subtilis alkaline protease (aprE), Bacillus subtilis neutral protease (np/T), 
Saccharomyces cerevisiae alpha-factor, Rhizomucor miehei aspartic proteinase, and 
Myceliophthora thermophila laccase (WO 95/33836). 

In a preferred embodiment, the propeptide coding region is nucleotides 1-498 of SEQ ID 

NO: 1 which encode amino adds -165 to -1 of SEQ ID NO: 43; or the propeptide coding region 

comprises nucleotides encoding the propeptide shown in position -166 to -1 of SEQ ID NO- 28 in 

position -166 to -1 of SEQ ID NO: 30, In position -167 to -1 of SEQ ID NO: 33. in position -165 to - 

1 of SEQ ID NO: 37. in position -165 to -1 of SEQ ID NO: 41 , or in position -165 to -1 of SEQ ID 
NO: 43. 
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vector may contain any means for assuring self-replication. Alternatively, the vector may be one 
which, when introduced Into the host cell, is Integrated into the genome and replicated together 
with the chromosome(s) into which it has been integrated. Furthermore, a single vector or piasmid 
or two or more vectors or plasmfds which together contain the total DNA to be introduced into the 
genome of the host cell, or a transposon may be used. 

The vectors of the present invention preferably contain one or more selectable markers 
which permit easy selection of transformed cells. A selectable marker is a gene the product of 
which provides for biocide or viral resistance, resistance to heavy metals, prototrophy to 
auxotrophs, and the like. Examples of bacterial selectable markers are the del genes from Bacillus 
subtilis or Bacillus licheniformis. Suitable markers for yeast host cells are ADE2, HIS3, LEU2, 
LYS2, MET3, TRP1, and URA3. Selectable markers for use in a filamentous fungal host cell 
include, but are not limited to, amdS (acetamidase), argB (ornithine carbamoyltransferase), bar 
(phosphinothricin acetyltransferase), hygB (hygromycin phosphotransferase). niaO (nitrate 
reductase). pyrG (orotidine-5'-phosphate decarboxylase). sC (sulfate adenyttransferase), trpC 
(anthranilate synthase), as well as equivalents thereof. Preferred for use in an Aspergillus cell are 
the amdS and pyrG genes of Aspergillus nidulans or Aspergillus oryzae and the bar gene of 
Sfreptomyces hygroscop/cus. 

The vectors of the present invention preferably contain an elements) that permits stable 
integration of the vector into the host cell's genome or autonomous replication of the vector in the 
cell independent of the genome. 

For integration into the host cell genome, the vector may rely on the nucleic acid sequence 
encoding the polypeptide or any other element of the vector for stable integration of the vector into 
the genome by homologous or nonhomologous recombination. Alternatively, the vector may 
contain additional nucleic acid sequences for directing integration by homologous recombination 
into the genome of the host cell. The additional nucleic acid sequences enable the vector to be 
integrated into the host cell genome at a precise location(s) in the chromosome(s). To increase 
the likelihood of integration at a precise location, the integrational elements should preferably 
contain a sufficient number of nucleic acids, such as 100 to 1,500 base pairs, preferably 400 to 
1.500 base pairs, and most preferably 800 to 1.500 base pairs, which are highly homologous with 
the corresponding target sequence to enhance the probability of homologous recombination. The 
Integrational elements may be any sequence that is homologous with the target sequence in the 
genome of the host cell. Furthermore, the integrational elements may be non-encoding or . 
encoding nucleic acid sequences. On the other hand, the vector may be integrated into the 
genome of the host cell by non-homologous recombination. 
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Plants 

The present invention also relates to a transgenic plant, plant part, or plant cell which has 
been transformed with a nucleic acid sequence encoding a polypeptide having protease activity of 
the present invention so as to express and produce the polypeptide in recoverable quantities. The 
polypeptide may be recovered from the plant or plant part. Alternatively, the plant or plant part 
containing the recombinant polypeptide may be used as such for improving the quality of a food or 
feed, e.g., improving nutritional value, palatability, and rheological properties, or to destroy an 
antinutritive factor. 

In a particular embodiment, the polypeptide is targeted to the endosperm storage 
vacuoles in seeds. This can be obtained by synthesizing it as a precursor with a suitable signal 
peptide, see Horvath et al in PNAS, Feb. 15, 2000. vol. 97, no. 4, p. 1914-1919. 

The transgenic plant can be dicotyledonous (a dicot) or monocotyledonous (a monocot) 
or engineered variants thereof. Examples of monocot plants are grasses, such as meadow grass 
(blue grass. Poa), forage grass such as festuca, lolium. temperate grass, such as Agrostis. and 
cereals, e.g., wheat, oats, rye, barley, rice, sorghum, and maize (com). Examples of dicot plants 
are tobacco, legumes, such as lupins, potato, sugar beet. pea. bean and soybean, and cruciferous 
plants (family Brassicaceae). such as cauliflower, rape seed, and the closely related model 
organism Arabidopsls thaliana. Low-phytate plants as described e.g. in US patent no. 5,689,054 
and US patent no. 6.11 1,168 are examples of engineered plants. 

Examples of plant parts are stem, callus, leaves, root, fruits, seeds, and tubers. Also 
specific plant tissues, such as chloroplast. apoplast. mitochondria, vacuole, peroxisomes, and 
cytoplasm are considered to be a plant part. Furthermore, any plant cell, whatever the tissue 
origin, is considered to be a plant part. 

Also included within the scope of the present invention are the progeny of such plants, 
plant parts and plant cells. 

The transgenic plant or plant cell expressing a polypeptide of the present invention may 
be constructed in accordance with methods known in the art. Briefly, the plant or plant cell is 
constructed by incorporating one or more expression constructs encoding a polypeptide of the 
present invention Into the plant host genome and propagating the resulting modified plant or plant 
cell into a transgenic plant or plant cell. 

Conveniently, the expression conslruct Is a nucleic acid construct which comprises a 
nucleic acid sequence encoding a polypeptide of the present invention operably linked with 
appropriate regulatory sequences required for expression of the nucleic acid sequence in the plant 
or plant part of choice. Furthermore, the expression construct may comprise a selectable marker 
useful for identifying host cells into which the expression construct has been integrated and DNA 
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compositions {e.g., in catalogues of the American Type Culture Collection). If the polypeptide is 
secreted into the nutrient medium, the polypeptide can be recovered directly from the medium. If 
the polypeptide is not secreted, it can be recovered from cell lysates. 

The polypeptides may be detected using methods known In the art that are specific for the 
polypeptides. These detection methods may include use of specific antibodies, formation of a 
product, or disappearance of a substrate. For example, a protease assay may be used to 
determine the activity of the polypeptide as described herein. 

The resulting polypeptide may be recovered by methods known in the art. For example, 
the polypeptide may be recovered from the nutrient medium by conventional procedures including 
but not limited to, centrifugation, filtration, extraction, spray-drying. evaporation, or precipitation. 

The polypeptides of the present invention may be purified by a variety of procedures 
known in the art including, but not limited to, chromatography (e.g., fon exchange, affinity, 
hydrophobic, chromatofocusing, and size exclusion), electrophoretic procedures (e.g., preparative 
.soelectric focusing), differential solubility (e.g., ammonium sulfate precipitation), SDS-PAGE, or 
extraction (see, e.g., Protein Purification, J.-C. Janson and Lars Ryden, editors, VCH Publishers 
New York, 1989). 



Compositions 

In a still further aspect, the present invention relates to compositions comprising a 
20 polypeptide of the present invention. The polypeptide compositions may be prepared in 

accordance with methods known in the art and may be in the form of a liquid or a dry composition. 

For instance, the polypeptide composition may be in the form of a granulate or a microgranulate. 

The polypeptide to be included in the composition may be stabilized in accordance with methods 

known in the art. Examples are given below of preferred uses of the polypeptides or polypeptide 
25 compositions of the invention. 

Animal Feed 

The present invention is also directed to methods for using the polypeptides of the 
invention in animal feed, as well as to feed compositions and feed additives comprising the 
30 polypeptides of the invention. The term animal includes all animals, including human beings. 
Examples of animals are non-ruminants, and ruminants, such as cows, sheep and horses. In a 
particular embodiment, the animal is a non-ruminant animal. Non-rumlnant animals include mono- 
gastric animals, e.g. pigs or swine (including, but not limited to, piglets, growing pigs, and sows)- 
poultry such as turkeys, ducks and chicken (including but not limited to broiler chicks, layers)- 
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young calves; and fish (including but not limited to salmon, trout, tilapia, catfish and carps; and 
crustaceans (including but not limited to shrimps and prawns) 

The term feed or feed composition means any compound, preparation, mixture, or 
composition suitable for. or intended for Intake by an animal. 

In the use according to the invention the protease can be fed to the animal before, after, or 
simultaneously with the diet. The latter is preferred. 

In a particular embodiment, the protease, in the form In which it is added to the feed or 
when being included in a feed additive, is well-defined. Well-defined means that the protease 
preparation is at least 50% pure as determined by Size-exclusion chromatography (see Example 
12 of WO 01/58275). In other particular embodiments the protease preparation is at least 60 70 
80, 85, 88. 90, 92. 94. or at least 95% pure as determined by this method. A well-defined protease 
preparation is advantageous. For instance, it is much easier to dose correctly to the feed a 
protease that is essentially free from interfering or contaminating other proteases. The term dose 
correctly refers in particular to the objective of obtaining consistent and constant results, and the 
capability of optimising dosage based upon the desired effect. 

For the use in animal feed, however, the protease need not be that pure; it may e g 
include other enzymes, in which case it could be termed a protease preparation. The protease 
preparation can be (a) added directly to the feed (or used directly in a treatment process of 
vegetable proteins), or (b) it can be used in the production of one or more intermediate 
compositions such as feed additives or premixes that is subsequently added to the feed (or used 
in a treatment process). The degree of purity described above refers to the purity of the original 
protease preparation, whether used according to (a) or (b) above. 

Protease preparations with purities of this order of magnitude are in particular obtainable 
using recombinant methods of production, whereas they are not so easily obtained and also 
subject to a much higher batch-to-batch variation when the protease is produced by traditional 
fermentation methods. Such protease preparation may of course be mixed with other enzymes 

In a particular embodiment, the protease for use according to the invention is capable of 
soiubilising vegetable proteins. A suitable assay for determining solubilised protein is disclosed in 
Example 11. 

The term vegetable proteins as used herein refers to any compound, composition, 
preparation or mixture that includes at least one protein derived from or originating from a 
vegetable, including modified proteins and protein-derivatives. In particular embodiments, the 
protein content of the vegetable proteins Is at least 1 0. 20, 30. 40. 50, or 60% (w/w). Vegetable 
proteins may be derived from vegetable protein sources, such as legumes and cereals, for 
example materials from plants of the families Febaceae (Leguminosae). Cruciferacaaa, 
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In a particular embodiment of a (pre-) treatment process of the invention, the protease(s) in 

quest,on is affecting (or acting on, or exerting its solubilising influence on) the vegetable proteins 

or protein sources. To achieve this, the vegetable protein or protein source is typically suspended 

in a solvent, e.g. an aqueous solvent such as water, and the pH and temperature values are 

adjusted paying due regard to the characteristics of the enzyme in question. For example the 

treatment may take p.ace at a pH-value at which the activity of the actual protease is at least at 

least 40%, 50%, 60%, 70%, 80% or at least 90%. Likewise, for example, the treatment may take 

Place at a temperature at which the activity of the actual protease is at least 40%. 50% 60% 

70%. 80% or at least 90%. The above percentage activity indications are relative to the maximum 

act.vrt.es. The enzymatic reaction is continued until the desired result Is achieved, following which 

it may or may not be stopped by inactivating the enzyme, e.g. by a heat-treatment step 

In another particular embodiment of a treatment process of the invention, the protease 

action is sustained, meaning e.g. that the protease is added to the vegetable proteins or protein 

sources, but its solubilising influence is so to speak not switched on until later when desired, once 

su,table solubilising conditions are established, or once any enzyme inhibitors are inactivated or 

whatever other means could have been applied to postpone the action of the enzyme 

in one embodiment the treatment is a pre-treatment of animal feed or vegetable proteins 
for use in animal feed. 

The term improving the nutritional value of an animal feed means improving the availability 
and/or digestibility of the proteins, thereby leading to increased protein extraction from the diet 
components, higher protein yields, increased protein degradation and/or improved protein 
utilisation. The nutritional value of the feed is therefore increased, and the animal performance 
such as growth rate and/or weight gain and/or feed conversion ratio (i.e. the weight of ingested 
feed relative to weight gain) of the animal is/are improved. 

In a particular embodiment the feed conversion ratio is increased by at least 1% 2% 3% 
4%, 5%. 6%. 7%. 8%, 9% or at least 10%. In a further particular embodiment the weight gain is ' 
increased by at least 2%, 3%. 4%, 5%, 6%. 7%, 8%. 9%. 10% or at least 11%. These figures are 
relative to control experiments with no protease addition. 

The feed conversion ratio (FCR) and the weight gain may be calculated as described in 
EEC (1986): Directive de la Commission du 9 avril 1986 fixant la methode de calcul de la valeur 
energetique des aliments composes destines a la volaille. Journal Official des Communautes 
Europ6ennes, L130, 53 - 54. 

The protease can be added to the feed in any form, be it as a relatively pure protease, or in 
admixture with other components intended for addition to animal feed, i.e. in the form of animal 
35 feed additives, such as the so-called pre-mixes for animal feed. 



20 



25 



30 



10495.010-DK 



34 



gafactanase(EC32l «qv . * 1.3.8 or 3.1.3.26); xylanase (EC 3.2.1.8); 

J.^.i.89), alpha-galactosidase (EC 3 9 1 ooi. » ,~ 
10 phospholipase A1 (EC 3 1 1 32 v nL „ . P ° teaSe (EC 3A ->' 

EC 3.2.1.6). *i anovor beta-glucanase (EC 3.2.1.4 or 

2000). p,^. and ^ZT«1 l n l and T"" such 38 Novisplnn (Robart — 

PCT/DK02/00781 and PCT/OK^?, P ° Un " S «**»«• in 

antimicrebia, actM* CT/ ° K02/0081 * 88 *»» as »** - of ,he above tha t retain 

disclosed in wo 9*0,45* atwO o^T ^ ^ 88 

» 'He feed. A p^ enriched ^ ^rZ™ 0 ™; 1 ^ ' S " «» -P— y added to 
additive of (ha invasion. " ,Ven "° n ' 18 an « an anima. faad 

mora parUcutaHv 0.05 ,o . ^ 2 t *T m ** " ^ " * <" 10 »* 
' particular for pramlxaa. °' W%mean "' 99aiidi ' lve P e '-100 a faad,.Thisls S oln 
Tha following ara non^xcfcslve Bate of exampies of these components- 
Examples of fat-soluble vitamins ara vitamin A vitamin „, 7 1 
vitamin K3. Vl,amln D3 ' w,an ' i '' E, and vitamin K. e.g. 

Examplea of water-soluble vitamins are vitamin B12 blotin^ .. ,• 
— ' B6 ' ** • - a - - Panmotbanata. ^.S^ ^ " ' *" * 



1 0495.01 0-DK 



10 



15 



20 



25 



30 



35 



35 

Examples of trace minerals are manganese, zinc, iron, copper, iodine, selenium, and 

cobalt. 

Examples of macro minerals are calcium, phosphorus and sodium. 
The nutritional requirements of these components (exemplified with poultry and 
p.glets/pigs) are listed in Table A of WO 01/58275. Nutritional requirement means that these 
components should be provided in the diet in the concentrations indicated. 

in the alternative, the animal feed additive of the invention comprises at least one of the 
ind.v,dual components specified in Table A of WO 01/58275. At least one means either of one or 
more of, one, or two. or three, or four and so forth up to all thirteen, or up to all fifteen individual 
components. More specifically, this at least one individual component is included in the additive of 
the invent.cn in such an amount as to provide an in-feed-concentration within the range indicated 
tn column four, or column five, or column six of Table A. 

The present invention also relates to animai feed compositions. Animal feed compositions 
or d.ets have a relatively high content of protein. Poultry and pig diets can be characterised as 
mdicated in Table B of WO 01/58275. columns 2-3. Fish diets can be characterised as indicated in 
column 4 of this Table B. Furthermore such fish diets usually have a crude fat content of 200-310 
g/kg. WO 01/58275 corresponds to US 09/779334 which is hereby incorporated by reference. 

An animal feed composition according to the invention has a crude protein content of 50- 
800 g/kg. and furthermore comprises at least one protease as claimed herein. 

Furthermore, or in the alternative (to the crude protein content indicated above), the animal 
feed composition of the invention has a content of metabolisable energy of 1 0-30 MJ/kg; and/or a 
content of calcium of 0.1-200 g/kg; and/or a content of available phosphorus of 0.1-200 g/kg- 
and/or a content of methionine of 0.1-100 g/kg; and/or a content of methionine plus cysteine* 
0.1-1 50 g/kg; and/or a content of lysine of 0.5-50 g/kg. 

In particular embodiments, the content of metabolisable energy, crude protein, calcium 
phosphorus, methionine, methionine plus cysteine, and/or lysine is within any one of ranges 2 3 
4 or 5 in Table B of WO 01/58275 (R. 2-5). 

Crude protein is calculated as nitrogen <N) multiplied by a factor 6.25. i.e. Crude protein 
(9/kg)= N (g/kg) x 6.25. The nitrogen content is determined by the Kjeldahl method (A O A C 
1984, Official Methods of Analysis 14th ed., Association of Official Analytical Chemists 
Washington DC). 

Metabolisable energy can be calculated on the basis of the NRC publication Nutrient 
requirements In swine, ninth revised edition 1988. subcommittee on swine nutrition, committee on 
an,mal nutrition, board of agriculture, national research council. National Academy Press 
Washington. D.C., pp. 2-6. and the European Table of Energy Values for Poultry Feed-stuffs 
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Detergent Compositions 

The protease of the invention may be added to and thus become a component of a 
detergent composition. The detergent composition of the invention may for example be formulated 
as a hand or machine laundry detergent composition including a laundry additive composition 
suitable for pre-treatment of stained fabrics and a rinse added fabric softener composition, or be 
formulated as a detergent composition for use in general household hard surface cleaning 
operations, or be formulated for hand or machine dishwashing operations. 

In a specific aspect, the invention provides a detergent additive comprising the protease of 
the invention. The detergent additive as well as the detergent composition may comprise one or 
more other enzymes such as another protease, such as alkaline proteases from Bacillus, a lipase, 
a cutinase, an amylase, a carbohydrase. a cellulase, a pectinase, a mannanase, an arabinase. a ' 
galactanase, a xylanase, an oxidase, e.g M a laccase, and/or a peroxidase. 

In general the properties of the chosen enzyme(s) should be compatible with the selected 
detergent, (I.e. pH-optimum, compatibility with other enzymatic and non-enzymatic ingredients, 
etc.), and the enzyme(s) should be present in effective amounts. 

Suitable lipases include those of bacterial or fungal origin. Chemically modified or protein 
engineered mutants are included. Examples of useful lipases include lipases from Humicola 
(synonym Thermomyces). e.g. from H. lanuginosa (T. lanuglnosus) as described in EP 258068 
and EP 305216 or from H. insolens as described in WO 96/13580, a Pseudomonas lipase, e.g. 
from P. alcaligenes or P. pseudoalcaligenes (EP 218272). P. cepacia (EP 331376), P. stutzeri 
(GB 1,372,034), P. fluoresces, Pseudomonas sp. strain SD 705 (WO 95/06720 and WO 
96/27002), P. wisconsinensis (WO 96/12012). a Bacillus lipase, e.g. from 6. subtilis (Dartois et al. 
(1993). Biochemica et Biophysica Acta, 1 131. 253-360). B. stearothermophilus (JP 64/744992) or 
B. pumilus (WO 91/16422). Other examples are lipase variants such as those described in WO 
92/05249, WO 94/01541. EP 407225, EP 260105, WO 95/35381, WO 96/00292, WO 95/30744, 
WO 94/25578, WO 95/14783. WO 95/22615. WO 97/04079 and WO 97/07202. Preferred 
commercially available lipase enzymes include Lipolase™ and Upolase Ultra™ (Novozymes A/S). 

Suitable amylases (alpha- and/or beta-) include those of bacterial or fungal origin. 
Chemically modified or protein engineered mutants are included. Amylases include, for example, 
alpha-amylases obtained from Bacillus, e.g. a special strain of B. lichentformls, described in more 
detail in GB 1 ,296,639. Examples of useful amylases are the variants described in WO 94/02597, 
WO 94/1 8314, WO 96/23873. and WO 97/43424, especially the variants with substitutions in one 
or more of the following positions: 15, 23, 105, 106, 124, 128, 133, 154, 156, 181, 188, 190. 197, 
202, 208, 209. 243. 264. 304. 305. 391. 408, and 444. Commercially available amylases are 
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Duramyl™ Terrnamyl™, Fungamyl™and BAN™ (Novozymes A/S), Rapidase™and Purastar™ 
(from Genenoor International Inc.). 

Suitable cellulases include those of bacterial or fungal origin. Chemically modified or 
protein engineered mutants are included. Suitable cellulases include ceilulases from the genera 
5 Beallus. Pseudomones, Humicole, Fusarium, Thieiavia, Acnmonium. e.g. the fungal cellu!ases 
produced from Humicola insolens, Myceliophthora thermophila and Fusarium oxysporvm 
disclosed in US 4,435,307. US 5,648,263. US 5,691.178. US 5.776.757 and WO 89/09259 
Especially suitable celiulases are the alkaline or neutral ceilulases having colour care benefits. 
Examples of such cellulases are ceilulases described in EP 0 495257, EP 531372. WO 96/11262 
10 WO 96/29397, WO 98/08940. Other examples are cellulase variants such as those described in ' 
WO 94/07998, EP 0 531 315, US 5.457,046, US 5,686,593, US 5,763,254, WO 95/24471 WO 
98/12307 and WO 99/01544. Commercially available cellulases include Celluzyme™ and 

^nTl^r^ 3 ^ C,a2inaSe ™' and Puradax HA™ (Genenoor fatemational Inc.,, and 
KAC-500(B)™ (Kao Corporation). 

15 Suitable peroxidases/oxidases include those of plant, bacterial or fungal origin. Chemically 

modified or protein engineered mutants are included. Examples of useful peroxidases include 
perox.dases from Coprinus, e.g. from C. cinereus, and variants thereof as those described in WO 
93/24618, WO 95/10602, and WO 98/15257. Commercially available peroxidases include 
Guardzyme™ (Novozymes). 

20 The detergent enzyme(s) may be Included in a detergent composition by adding separate 

addrfives containing one or more enzymes, or by adding a combined additive comprising all of 
these enzymes. A detergent additive of the invention, i.e. a separate additive or a combined 
add,five. can be formulated e.g. as a granulate, a liquid, a slurry, etc. Preferred detergent additive 
formulations are granulates, in particular non-dusting granulates, liquids, in particular stabilized 

25 liquids, or slurries. 

Non-dusting granulates may be produced, e.g., as disclosed in US 4,106,991 and 
4,661 ,452 and may optionally be coated by methods known in the art. Examples of waxy coating 
materials are polyethylene oxide) products (polyethyleneglycol, PEG) with mean molar weights of 
1000 to 20000; ethoxyiated nonylphenols having from 16 to 50 ethylene oxide units; ethoxyiated 
30 fatty alcohols in which the alcohol contains from 12 to 20 carbon atoms and In which there are 1 5 
to 80 ethylene oxide units; fatty alcohols; fatty acids; and mono- and di- and triglycerides of fatty 
acids. Exampies of film-forming coating materials suitable for application by fluid bed techniques 
are given in GB 1483591. Liquid enzyme preparations may. for instance, be stabilized by adding a 
polyol such as propylene glycol, a sugar or sugar alcohol, lactic acid or boric acid according to 
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suspending agents, anti-soil redeposition agents, dyes, bactericides, optical brighteners, 
hydrotropes, tarnish inhibitors, or perfumes. 

It is at present contemplated that in the detergent compositions any enzyme, in particular 
the enzyme of the invention, may be added in an amount corresponding to 0.01-100 mg of 
enzyme protein per liter of wash liqour, preferably 0.05-5 mg of enzyme protein per liter of wash 
liqour, in particular 0.1-1 mg of enzyme protein per liter of wash liqour. 

The enzyme of the invention may additionally be incorporated in the detergent formulations 
disclosed in WO 97/07202. 

The Invention described and claimed herein is not to be limited in scope by the specific 
embodiments herein disclosed, since these embodiments are intended as illustrations of several 
aspects of the invention. Any equivalent embodiments are intended to be within the scope of this 
invention. Indeed, various modifications of the invention in addition to those shown and described 
herein will become apparent to those skilled In the art from the foregoing description. Such 
modifications are also intended to fall within the scope of the appended claims. In the case of 
conflict, the present disclosure including definitions will control. 

Various references are cited herein, the disclosures of which are incorporated by reference 
in their entireties. 



EXAMPLES 
Materials and methods 

Strains: 

Bacillus subtilis PL1801 (Diderichsen, B et al. 1990. Cloning of aldB. which encodes 
alpha-acetolactate decarboxylase, an exoenzyme from Bacillus brevis. J. Bacteriol.. 
172, 4315-4321) 
Bacillus subtilis MB1053 
Bacillus subtilis PL3598-37 
Bacillus subtilis MB1 51 0 

Bacillus subtilis PL2306. This strain is the B.subtilis DN1885 with disrupted apr and npr 
genes (Diderichsen, B.. Wedsted. U., Hedegaard, L. Jensen, B. R., Sjoholm, C. (1990) 
Cloning of aldB, which encodes alpha-acetolactate decarboxylase, an exoenzyme from 
Bacillus brevis. J. Bacteriol., 172, 431 5-4321 ) which is also disrupted in the 
transcriptional unit of the known Bacillus subtilis cellulase gene, resulting in cellulase 
negative cells. The disruption was performed essentially as described in (Eds. A.L. 
Sonensheln, J.A. Hoch and Richard Losick (1993) Bacillus subtilis and other Gram- 
Positive Bacteria, American Society for microbiology, p.618). 
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Procedure for isolating r> w 

Atolon'i*? ^ reSUSP6nd " 100 " TEL Leave at ^ for 30 mfn. 

Add 250 pi NH4Ac and leave at Ice for 10 min. 
Add 500 pi CIA and mix. 

Transfer to a microcentrifuge and spin for 10 min. at full speed 

^,r matent t0 8 ^ EPPend ° rf * - **> « volume cold isopropanol. Mix 
Spin and wash the DIMA pellet vwth 70 % EtOH. 
Resuspend the genomic DNA in 100 pi TER. 



TE: 
TEL: 

Thiocyanate: 



NH4Ac: 

TER: 

CIA: 



10 mM Tris-HCI, pH 7.4 

1 mM EOTA. pH 8.0 

50 mg/ml Lysozym in TE-buffer 

5M guanidium thiocyanate 

100 mM EDTA 

0.6 % w/v N-laurylsarcosine, sodium salt. 

60 g thiocyanate, 20 ml 0.6 M EDTA. pH 8.0, 20 ml H20 

dtssolves at 65C. Cool down to RT and add 0.6 g N- 

laurylsarcosine. Add H20 to 100 ml and filter it through a 0 2 u 

sterile filter. 

7.5 M CH3COONH4 

1 pg/ml Rnase A in TE-buffer 

Chloroform/isoamyl alcohol 24:1 



Purification of PCR hanHc ^ r, m seott(>nrinf] 

(Pharm ^ * ^ GF *™ P ° R ° NA and Gel B-nd™ Purification Kit 

Media 
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TY: (As described in Ausubel, F. M. et al. (eds.) "Current protocols in Molecular Biology". John 
Wiley and Sons, 1995). 

LB agar: (As described in Ausubel, F. M. et al. (eds.) "Current protocols in Molecular Biology". 
John Wiley and Sons. 1 995). 

5 LB-PG agar Is LB agar supplemented with 0.5% Glucose and 0.05 M potassium phosphate. pH 
7.0. 
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Proteolytic activity 

S2A protease activity is measured using the PNA assay with succinyl-alanine-alanine- 
prollne-phenylalnine-paranitroanilide as a substrate unless otherwise mention. The principle of the 
PNA assay is described in Rothgeb, T.M., Goodlander, B.D., Garrison, P.H., and Smith. L.A.. 
Journal of the American Oil Chemists' Society. Vol. 65 (5) pp. 806-810 (1988). 

Gene expressio n in Bacillus subtilis host 

All the expressed genes in the following examples are integrated by homologous 
recombination on the Bacillus subtilis host cell genome. The genes are expressed under the 
control of a triple promoter system (as described in WO 99/43835). consisting of the promoters 
from Bacillus licheniformis alpha-amylase gene (amyL), Bacillus amyloliquefaciens alpha-amylase 
gene (amyQ), and the Bacillus thurlngiensis crylllA promoter including stabilizing sequence. The 
gene coding for Chloramphenicol acetyl-transferase was used as maker. (Described in eg. 
Diderichsen.B.; Poulsen.G.B.; Joergensen.S.T.; A useful cloning vector for Bacillus subtilis. 
Plasmid 30:312 (1993)). 

Example 1 

A synthetic 10R gene (10RS) encoding a S2A protease denoted 10R from Nocardiopsis 
sp. NRRL 18262 (WO 01/58276) was constructed which has the nucleotide sequence shown in 
SEQ ID NO: 1 . This synthetic gene was fused by PCR in frame to the DNA coding for the signal 
peptide from SAVINASE™ (Novozymes) resulting in the coding sequence Sav-10RS which is 
shown in SEQ ID NO: 2. Several tail-variants of this construct were made. Compared to the Sav- 
30 10RS protease encoded by SEQ ID NO:2 the tail variant construct Sav-1 0RS HV0 was 

constructed to have 8 amino acids extra in the C-terminus: QSHVQSAP (SEQ ID NO: 3) which 
were encoded by the following DNA sequence extension inserted in front of the TAA stopcodon of 
SEQ ID NO: 2: 

(SEQ ID NO: 4): caatcgcatgttcaatccgctcca 

35 



25 



43 



Tail variant Sav-10RS HV1 was constructed to have 4 amino adds extra in the C- 
terminus: QSAP (SEQ ID NO: 5). with the following DNA sequence extension inserted In front of 
the TAA stopcodon: 

(SEQ ID NO: 6): caatoggctcct 

Tail variant Sav-10RS HV3 was constructed to have 2 amino acids extra in the C- 
terminus: QP (SEQ ID NO: 7) with the following DNA sequence extension inserted in front of the 
TAA stopcodon: 

(SEQ ID NO: 8): caacca 

Tail variant Sav-10RS H V2 was constructed to have one amino acid extra in the C- 
terminus: P (SEQ ID NO: 9) with the following DNA sequence extension inserted in front of the 
TAA stopcodon: 

(SEQ ID NO: 10): cca 

The 10RS gene and the four tail-variant encoding genes were integrated by homologous 
recombination into the Bacillus subtilis MB1053 host cell genome. Chloramphenicol resistant 
transformants were checked for protease activity on 1% skim milk LB-PG agar plates 
(supplemented with 6 ug/ml chloramphenicol). Some protease positive colonies were further 
analyzed by DNA sequencing of the insert to ensure the correct gene DNA sequence, and five 
strains, each comprising one of the above constructs, were selected and denoted, respectively: 
B.subWs Sav-10RS, B.subtilis Sav-10RS HVO, B.subWs Sav-10RS HV1, B.*/W/ZfeSav-10RS ' 
HV2 and B.subVlis Sav-10RS HV3. 

Example 2 

Fermentations for the production of the tail-variant enzymes of the invention were 
performed on a rotary shaking table in 500 ml baffled Erlenmeyer flasks each containing 100 ml 
TY supplemented with 6 mg/I chloramphenicol. 

Six Erlenmeyer flasks for each of the five B. subtilis strains from example 1 were 
fermented in parallel. Two of the six Erlenmeyer flasks were incubated at 37'C (250 rpm) two at 
30-C (250 rpm), and the last two at 26'C (250 rpm). A sample was taken from each shake flask at 
day 1, 2 and 3 and analyzed for proteolytic activity. The results are shown In tables 1-3. As it can 
be seen from tables 1 -3, the effect of the tails is a surprisingly high improvement on the 
expression level of the pratease, as measured by activity in the culture brcth. The effect is most 
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pronounced at 26'C and 30X. but is also evident at 37'C as an effect observed especially at 
early stage of the fermentation. 



Table 1: Relative proteolytic activities at 37°C. 





Day 1 


Day 2 


Day 3 


Sav-10RS 


1.0 


1.0 


1.0 


Sav.lORS HVO 


3.3 


0.7 


0.8 


Sav-IORS HV1 


4.7 


1.3 


1.2 


Sav-IORS HV2 


2.2 


0.6 


0.4 


Sav.lORS HV3 


5.3 


1.4 


1.7 


Table 2: Relative proteolyti 


c activities 
Day 1 


> at 30°c. 
Day 2 


Day 3 


Sav-IORS 


1.0 


1.0 


1.0 


Sav-IORS HVO 


1.7 


2.2 


2.9 


Sav.lORS HV1 


4.6 


3.1 


4.9 


Sav-IORS HV2 


2.4 


1.9 


2.3 


Sav.lORS HV3 


4.8 


3.0 


4.4 


Table 3: Relative proteolyti 


c activities 
Dayl 


! at 26°C. 
Day 2 


Day 3 


Sav-IORS 


1 -° ... 


1.0 


1.0 


Sav-10RS HVO 


1.8 


2.5 


3,1 ... 


Sav-10RS HV1 


.2.5 


3.6 


4.3 


Sav-IORS HV2 


1.8 


2.6 


2.8 


Sav.lORS HV3 T 


2.6 


3.5 


4.6 .. 



Example 3 

The following construct was used for the chromosomal integration of the tail-variant 
encoding genes. The coding sequence of the well-known subtilisin BPN' protease was 
operationally linked to a triple promoter, a marker gene was fused to this (a spectinomycin 
resistance gene surrounded by resolvase res-sites), and pectate lyase encoding genes from 
Bacillus subtilis were fused to the construct as flanking segments comprising the 5' polynucleotide 
region upstream IyfmD.ytmC-yfmB-yfmA.Pel-start], and the 3' polynucleotide region downstream 
[Pel-end-ynS-dtS(start)] of the tail-variant encoding polynucleotide, respectively. The integrational 
cassette was made by the joining of several different PCR fragments. After the final PCR reaction 
the PCR product was used for transformation of naturally competent B. subtilis cells. One clone 
denoted PL3598-37 was selected and confirmed by sequencing to contain the correct construct. 



The PL3598-37 clone thus contains the following: 
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The flanking regions ICO"* homologous to region of the B.subtlHs genome (appears as the 

upstream regent yfmD-ytmC-yfmB.yfmA-Pe,start and the downstream fragment Pel-end- 
yflS-citS(start)). 

The Spectlnomycin resistance gene flanked by Resolvase sites {res). 
The triple promoter region plus C/yWA mRNA stabilising leader sequence. 



2 
3 

4. The BPN' Open Reading Frame. 



Construction nf triple promoter BPN' caggofto 

A PCR fragment comprising the integrational cassette for a BPN' library was 
10 constructed, thus operably linking a triple promoter (as described in WO 99/43835; Novo^es) to 

LI17Th on cassette from a Baci " us **■ ^ trip,e promoter IS 3 ^ <* « 

«Tm Pr ° moter (as shown in W 0 93/10249; Novozymes) with two promoters 

scBAN and cry.HA, where the first is a consensus version of the Bacillus amy,o, iq uefac,ens 

15 99^7 PrOm0te :' ^ ^ ,att6r inC ' UdeS 8 m ~ b «>^ -quence (as described in WO 
15 99/43835; Novozymes). Suitable primers can be derived from the publicly available sequences 
(Vasantha, N. et al. Genes for alkaline protease and neutral protease from Ba«//us 
amyloliguefadens contain a large open reading frame between the regions coding for signal 
sequence and mature protein. J. Bacterid. 159:811 (1984) EMBL: accession No. K02496). A Kpn. 
and a Sail restriction site was introduced to flank the PCR fragment at each end, using the 
*u primers: 

#252639 (SEQ ID NO: 11): catgtgcatgtgggtaccgcaacgttcgcagatgctgctgaagag 
#251992 (SEQ ID NO: 12): catgtgcatgtggtcgaccgattatggagcggattgaacatgcg 

25 h. r ""I" reStriCtl ° n Sn the PCR te*™* were subsequently used to clone 

the fragment ,nto a Kpnl-Sal. digested Peel-Spec PCR fragment. The Peel-Spec fragment 
comprises a Spectinomycin resistance gene inserted in the middle of the B.subtilis Pectate lyase 

DNA Z TTZ 2 T ° f UPStr6am 96n0miC ° NA ^ ^ 1 - 7 kb stream genomic 

30 « «1? r to" 9ment ^ Pr ° dUCed by PCR am P«**«on of genomic DNA from the 
30 B.subMs strain MB1053, using the primers: 

ZllTl ' D 13>: ^^cgagw^^^ 
#179542 (SEQ ID NO: 14): gcgttgagacagctcgagcagggaaaaatggaaccgctttttc 
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Construction of MBms3 
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25 



achieved by a pZ elrr , V ***** B SU " m typestrain **™<°- ™* «as 

Pl2 306, using th e pLT^ ^ °" tarn me asuMte 

#179541 (SEQ ID NO: 13), and 

#179539 with overlap to #179154 «.„„ 

, K *i«*154 Spec pnmer (SEQ id no- isv 
ccacttgaecaqaallcartnn^t™™. Nu - 15 )- 





30 
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DNA tan the &.subti/is tfraln PL2306 . usinB ^ PCR ef chromosome, 

#179542 (SEQ ID NO: 14), and 

#179540 with ovariap to #179153 Spec pnmer (SEQ ID NO- 16)- 

OOatccagaWggtacccsgslctagagtcgecscBgcasac^tccggacagcaca 

Fragmeni 3 was produced bv PCR ^mia^ V7 " 8 SEe * fe9ment 3 is 1 6 *». 

p couced by PGR ampWIcalion of plasmid pSJ33S8, using the primers: 

#mi™ ,n N0: 17,: ~ a ^««' 9 aaa«ga te aaa,gg 
#179153 (SEQ ID NO: 1 8): ccgcg te9 acao l agacacg B g l acCga.o te ga t l 
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Standard con ditions for the PCR reaction 

For the PCR amplifications of fragment 1-3 the HiFi Expand™ PCR system (Roche) was 
used together with the following cycling scheme: 
5 pi Buffer 2 

14 pi dNTP's (1.25 mM each) 
2.5 ud 20 pM primer 1 
2.5 pi 20pM primer 2 
x pi water 

To this mix 3 M l of DNA (apx. 100 ng) and 0.75 pi Enzyme mix (use hot start) is added. 
Total volume is 50 pi. 
The cycling profile is: 

1 cycle of 120 sec at 94*C 

Break. 

10 cycles of 15 sec at 94*C, 60 sec at 60*C, 240 sec at 72*C. 
20 cycles of 1 5 sec at 94*0, 60 sec at 60'C, (180 sec at 72'C add 20 sec pr cycle) 
1 cycle 600 sec at 68*C. 

The three PCR fragments were made and joined in later JOIN1NG-PCR reactions. The three PCR 
fragments were single sharp bands and no gel purification was necessary. Only Qiagen™ PCR 
purification was performed prior to the following JOINING-PCR. 
JOINING of fragment 1 + 3 (same procedure for fragment 2 + 3): 
5 pi Buffer 2 

8 pi dNTP's (1.25 mM each) 
25 5.0 pi Fragment 3 

5.0 pi Fragment 1 
9.25 pi water 

1 cycle of 120 sec at 94*C. 
30 Break. Add Enzyme 

10 cycles of 1 5 sec at 94'C, 60 sec at 60*C, 240 sec at 72*C. 
Break. Add Primers 

15 cycles of 15 sec at 94'C, 60 sec at 60*0,(180 sec at 72*C add 20 sec pr cycle) 
1 cycle 600 sec at 68*C. 

35 



20 
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10 



reacUon (Expand™ long system plZ! ^ *" fra ° mente "» re *** <" a las, PGR 



5 pi Buffer 1 

14 p| dNTP's (1.25 mM each) 
5-0 pi Fragment 1+3 
5.0 pi Fragment 2+3 
15 17.75 pi water 



20 



After the first cycle at 94 e C for 120 sprfh^i . . 

Tow vcume is now 45 0 p, * ^ 0 75 M ' En2 *™ «* ■» added. 

1 CVCle Of 120 son at Q/iv- 7 S m ° re ' 



1 cycle of 120 sec at 94'C 
Break. Add Enzyme 



25 



30 



i 1 Xorrar 6 aT c ' 6oseca,6 °- c ' ,8o8 « a ' 68 - c -- S ec Prcyde 

The site of the joined PCRfraament is 6.8 kb This PCRfc», m , 
Qtagen™ pcr purification kit and 5 ul ,rf .h. m , , . fragment was purified using a 

a*** saain. A*er tntnsfoX 1 Z l re " h "* ^ to ,ransfom a — «■ 
Nex, day a™, than ,000 J^SZ ZZ ofspecBnomycf, 
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taken together with the Spec resistance tells us that deletion had occurred. One such clone was 
selected and denoted MB1053. 



Insertion of BPN' expressi o n cassette adjacent to the re s-snec-res in MB1Q53 

The ligation mix of the digested PCR amplified triple promoter BPN' expression cassette 
and the Kpnl-Sal digested Peel-Spec PCR fragment was used as template in a PCR amplification 
using the PCR primers #179541 and #179542. This resulted in a PCR fragment of approx. 9 kb. 
which was used to transform B.subtm PL1801 (Diderichsen, B et al. 1990. Cloning of aldB, which 
encodes alpha-acetolactate decarboxylase, an exoenzyme from Bacillus brevis. J. Bacterid.. 172, 
4315-4321) competent cells. The transformed cells were plated on LB-120 ug/ml Spectinomycin 
agar plates with skim milk. Spectinomycin resistant colonies with large skim milk clearing zones 
were restreaked on Spectinomycin agar plates and analysed for the integration of the PCR 
fragment with PCR using the primers #179541 (SEQ ID NO: 13) and #179542 (SEQ ID NO: 14). 

Appearance of a 9 kb fragment indicates that the PCR fragment has been integrated 
into the host cell genome. Several of these clones were sequenced to confirm integration of the 
expression cassette, one such clone was selected and denoted PL3598-37. 

Example 4 

An E.coli plasmid-borne integrational cassette for a library may be constructed In vivo. 
An integration cassette to be used according to the method of the invention may be present on a 
E.co/r plasmid (which is capable only of replication in E.coli, not in B.subtilis), the plasmid 
comprising: 

i) The DNA sequence encoding the Pre-Pro-domains of the subtilisin protease 
commonly known as Savinase, preceded by and operably linked to 

ii) a DNA sequence comprising a mRNA stabilising segment derived in this particular 
case from the Cryl I la gene; 

iii) a marker gene (a chloramphenicol resistance gene), and 

iv) genomic DNA from Bacillus subtilis as 5' and 3' flanking segments: The homologous 
5' polynucleotide region upstream of the polynucleotide [yfrnD-ytmC-yfrnB-yfrnA-Pel-start], and 
the 3' polynucleotide region downstream of the polynucleotide [Pel-end-yflS-citS(start)], 
respectively. 

The cassette was made by several cloning steps involving digestion of pUC1 9 plasmid 
and PCR fragments with appropriate restriction endonuclease sites of several different PCR 
fragments in the generally used plasmid pUC19. After each ligation of a PCR fragment into a 
plasmid, the ligation mixture was transformed into electrocompetent DH5alpha Eco// cells that 
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were prepared for and transformed by electroporation using a Gene Pulser™ electroporator from 
BIO- RAD as described by the supplier. One final plasmid construct was confirmed by sequencing 
to contain the correct construct as outlined above, and it was denoted pMB1508. 

The pMB1508 plasmid thus contains the following: 

i) The Cry///A mRNA stabilising leader sequence including a ribosome binding sequence 
(RBS), operationally linked to 

ii) DNA encoding the Pre-Pro-domains of the subtilisin commonly known as Savinase, 
including Kpnl and Notl sites for cloning; 

iii) The chloramphenicol resistance operon; 

iv) The 3' downstream flanking region [Pel-end-yflS-citS(start)] which is 99-100% 
homologous to the region of the B.subtilis. 

The four elements listed were cloned in the pUC19 vector (Isolated from E.coli ATCC 
37254; Vieira J, Messing J. The pUC plasmids, an M13mp7-derived system for insertion 
mutagenesis and sequencing with synthetic universal primers. Gene 19: 259-268, 1982.) in the 
EcoRI and Sail sites to give P MB1508. In order for the resulting plasmid to integrate effeciently to 
a specified site of th B.subtilis genome, a new strain was established. The new strain is a 
derivative of Bacillus subtilis 168 BGSC accession number: 1 A1 168 trpC2 . The strain was made 
competent and transformed as described above. Using elements from the PL3598-37 done 
described above, the new integration strain denoted MB1510 was established and characterised 
to contain the following elements from PL3598-37: 

i) The triple promoter and the mRNA stabilising element. 

ii) Flanking segments comprising the following homologous polynucleotide region [yfmD- 
ytmC-yfmB-yfmA-Pel-start] upstream of the triple-promoter, and the polynucleotide region [Pel- 
end-yflS-citS(start)] downstream of the mRNA stabilizing element. 

Thus, when using MB1510 competent cells, it is possible for the pMB1508 (or 
derivatives thereof) to directly integrate into the genome of MB1510 where the two flanking 
regions in fusion with the triple-promoter and mRNA stabilising element is located, resulting in a 
construction where the incoming PrePro encoding DNA of pMB1508DNA has been integrated in 
the correct reading frame with the tripel-promoter. the mRNA stabilising element and the RBS. 
Thus resulting in high expression of the integrated gene from the promoter elements already 
present on the genome of MB1 51 0. 
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* Pnmar #31 7 (SEQ ,D NO: 1 9) tsgcg0aatcBg.acca.ggg9 

Pnm6rS139 N °" < SEQ,D N0: ^^«^gcggcc 9 oa«aacgc a „gcogo tt o.gc 3 

of tnalguid cuTCC Zd t T AmP "* 1 ,nCUba,,0n - 3 -P * ^ 

"tedium w«h 2% skiZTZa *7 formaton - Ths •«»»«-«• «* - Plated onto TY 

Po.ynuo.ao.Wa is .nsad^ZlT T 9 "* en00dln9 ° re ""»"* «» 
aubsaguentac^n-nr " 1508 ^ ""^ ^ »«0** tor 

S equence of olasmiH P Ma- KOa ^ Pn , n ma. ^ 

THa ^-P~ = ^ ^ by 

and No* waa ^^^Xl * ^ ** ""*" ^ - Pre " 

-sfa Jopltof ^fo'LTw <BP1413 - 1418 ' - "» Chlorantphanw ace*,- 
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BP 2513-5185: The polynucleotide region [Pel-end-yflS-citS(start)] downstream of the 
pelB locus of the ambflb genome, (as it appeaars from the publication and corresponding 
database of: F. Kunst, N. Ogasawara, I. Moszer. <146 other authors, H. Yoshikawa, A. Danchin. 
The complete genome sequence of the Gram-positive bacterium Bacillus subtilis" 
Nature (1997) 390:249-256). 

The Bacillus subtilis st rain MBism 

MB1510 has the following specific features in and around the pelB locus: 

i) The triple promoter and the mRNA stabilising element including a RBS (Ribosome binding 
sequence). 

ii) Flanking segments comprising the following homologous polynucleotide region [yfmD-ytmC 
yfmB-yfmA-Pel-start] upstream of the triple-promoter, and the polynucleotide region (Pel-end-yflS- 
citS(start)J downstream of the mRNA stabilizing sequence. 

BP 1-2873: corresponds to sequence of Bacillus subtilis genome yfmD-ytmC-yfmB- 
yfmA-Pel-start (as it appeaars from the publication and corresponding database of: F. Kunst et al. 
"The complete genome sequence of the Gram-positive bacterium Bacillus subtilis" 
Nature (1997) 390:249-256). 

BP 3102-4082: The triple promoter and CrylllA mRNA stabilising element plus RBS 
(Described above in PL3598-37 construct). 

BP 4083-5718: The polynucleotide region [Pel-end-yflS-citS(start)] end of and 
downstream of the pelB locus of the B.subWs genome (as it appeaars from the publication and 
corresponding database of: F. Kunst, N. Ogasawara, I. Moszer, <146 other authors> H 
Yoshikawa, A. Danchin. The complete genome sequence of the Gram-positive bacterium Bacillus 
subtilis" Nature (1 997) 390:249-256). 

Example 5. 

Another tail-variant library was constructed. In this library two amino acids were 
introduced at the C-terminal of the 10R protein. Such a Tail-library may be made with the method 
described above using the following PGR primers in a PCR reaction using genomic DNA from 
B.subtilis 10RS as template: 



(SEQ ID NO: 23): gacggccagtgaattcgataaaagtgc 

(SEQ ID NO: 24): ccagatctctatnktnktgtacggagtctaactccccaagag 
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wherein N = A, C, G or T; and K = T or G. 



10 



15 



The resulting PCR product was digested with EcoR l and Bgl II and ligated into EcoR I 
and Bgl II digested pMB1508. Hereatter following the principle described above. 

Chloramphenicol resistant Bacillus subtilis transformants were picked by a robotic 
colony picker from a bioassay plate and transferred into a 384 well microliter plate (MTP) 
containing 0.05 X TY supplemented with 6 mg/l chloramphenicol <60ul/well). The MTPs were 
incubated at 26'C for 72h. After incubation each well was analyzed for proteolytic activity. 

The thirty Bacillus subtilis transformants with highest proteolytic activity were selected 
for determination of the two tail amino acids in each transformant by DNA sequencing, the 
sequencing results are summaries in table 4 and table 5. 



AATail 


No. of transformants 


TL 


4 


TT 


4 


QL 


3 


TP 


3 


LP 


3 


Tl 


2 


IQ 


2 


QP 


2 


PI 


2 


LT 




TQ 




IT 




QQ 




PQ 




Total 


30 



Table 4: column one shows the amino acid sequence of the tail, and column two shows the 
number of Bacillus subtilis transformants sequenced with that particular AA tail sequence. 
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Possibilities position 1 


Result 


rodsiDHiiies position 2 


Result 


K 


0 


K 


0 


R 


0 


R 


0 


T 


14 


T 


6 


I 


3 


I 


4 


Q 


6 


Q 


5 


P 


3 


p 


8 


L 


4 


L 


7 


Total 


30 


Total 


30 



Table 5: The table shows the amino acid which could be introduced by the primer used for the 
library construct and the actual findings by DNA sequencing of the thirty colonies isolated from 
screening. 



Example 6 

Construction of Bacillus subtilis strains L2. L2 HVQ. L2 HV1 

A Bacillus subtilis strain was made analogously with the construction of the Bacillus 
subtilis strain 1 0RS, with the DNA coding for the pro-form of the S2A protease from Nocardiopsis 
dassonviltei subsp. Dassonvillel DSM 43235, denoted L2, fused by PCR in frame to the DNA 
coding for the signal peptide from SAVINASE™ (a well-known commercial protease derived from 
Bacillus clausii, available from Novozymes, Denmark), the resulting strain was denoted Bacillus 
subtilis Sav-L2. 

The DNA sequence including the coding region for the pro-mature S2A protease from 
Nocardiopsis dassonvillel subsp. Dassonvillel DSM 43235, as amplified with primers 1423 and 
1475. is shown in SEQ ID NO: 25. The corresponding encoded pro-form amino acid sequence for 
the L2 protease is shown in SEQ ID NO: 28. 

1423 (SEQ ID NO: 26): gcttttagttcatcgatcgcatcggctgctccggcccccgtcccccag 
1475 (SEQ ID NO: 27): ggagcggattgaacatgcgattaggtccggatcctgacaccccag 



Two tail-variants of this construct were also made. Tail variant Sav-L2 HVO was 
constructed to have 8 amino acids extra in the C-terminus: QSHVQSAP (SEQ ID NO: 3), by using 
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the DMA sequence extension inserted in front of the TAA stopcodon which is shown in SEQ ID 
NO: 4. Tail variant Sav-L2 HV1 was constructed to have 4 amino acids extra in the C-terminus: 
QSAP (SEQ ID NO: 5), by using the DNA sequence extension inserted in front of the TAA 
stopcodon which is shown in SEQ ID NO: 6. Both tail variants had the SAVINASE™ signal- 
pept.de encoding sequence fused in frame with the pro-mature encoding sequence, just like in 
Sav— L2. 

The Sav-L2 gene and the two tail-variants Sav-L2 HVO and Sav-L2 HV1 were integrated 
by homologous recombination on the Bacillus subtilis MB1053 host cell genome as outlined 
above. Chloramphenicol resistant transformants were checked for protease activity on 1% skim 
milk LB-PG agar plates (supplemented with 6 ug/ml chloramphenicol). Some protease positive 
colon.es were further analyzed by DNA sequencing of the insert to confirm the correct DNA 
sequence, and one strain for each construct was selected and denoted B.subtilis Sav-L2 
B.subtilis Sav-L2 HVO, and B.subtilis Sav-L2 HV1 , respectively. 

Example 7. 

The three B. subtilis strains of example 6. were fermented on a rotary shaking table in 
500 ml baffled Erlenmeyer flasks containing 100 ml TY supplemented with 6 mg/l 
chloramphenicol. Six Erlenmeyer flasks for each of the three 8. subtilis strains were fermented in 
parallel. Two of the six Erlenmeyer flasks were incubated at 37'C (250 rpm), two at 30«C (250 
rpm). and the last two at 26«C (250 rpm). A sample was taken from each shake flask at day 1 2 
and 3 and analyzed for proteolytic activity. The results are shown In tables 6-8. As it can be seen 
from tables 6-8, the effect of the tails also increases the expression level for the Sav-L2 protease 
from Nocardiopsis dassonvillei subsp. Dassonvillei DSM 43235 when expressed in 8. subtilis An 
■ncrease of up to 40% is observed in this experiment, but overall improvement is observed for both 
tail-variants at all three temperatures tested. 



Table 6. Relative proteolytic activities at 37 8 c. 



30 





Day 1 


Day 2 


Day 3 


Sav-L2 


1.0 


1.0 


1.0 


Sav-L2 HV1 


1.4 


1.3 


1.2 


Sav-L2 HVO 


1.3 


1.1 


1.4 


Table 7. Relative prot< 
Sav-L2 


3olytic act! 
Day 1 


vities at 3( 
Day 2 


)'C. 
Day 3 


Sav-L2 HV1 


1.0 
1.0 


1.0 
1.2 


1.0 
1.4 


Sav-L2 HVO 


1.1 


1.3 


1.3 
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Table 8. Relative proteolytic activities at 26°C. 





Day 1 


Day 2 


Day 3 


Sav-L2 


1.0 


1.0 


1.0 


Sav-L2 HV1 


1.3 


1,1 


1.1 


Sav-L2 HVO 


0.2 


1,1 


V 



Example 8 

The DNA sequence coding for the pro-region from the L2 protease from Nocardiosis 
dassonvillei subsp. Dassonvillei. DSM 43235 is shown in SEQ ID NO: 29, and the corresponding 
amino acid sequence is shown in SEQ ID NO: 30. A Bacillus subtilis strain denoted L210R, similar 
to the Bacillus subtilis strain 10RS, but with the DNA coding for the pro-region of the L2 replacing 
the pro-region of 10RS. was made. The entire L210R protease encoding sequence incl. the pro- 
region of L2. is shown in SEQ ID NO: 31 . 

Two tail variants of the above construct were also made. Tail variant HVO was 
constructed to have 8 amino acids extra in the C-termlnus: QSHVQSAP (SEQ ID NO: 3) with the 
DNA shown in SEQ ID NO: 4 inserted in front of the TAA stopcodon of the encoding sequence. 
Tail variant HV1 was constructed to have 4 amino acids extra in the C-terminus: QSAP (SEQ ID 
NO: 5) with the DNA sequence shown in SEQ ID NO: 6 inserted in front of the TAA stopcodon of 
the encoding sequence. 

The 10RL2) construct and the two tail variants were integrated by homologous 
recombination on the Bacillus subtilis MB1053 host cell genome. Chloramphenicol resistant 
transformants were checked for protease activity on 1% skim milk LB-PG agar plates 
(supplemented with 6 ug/ml chloramphenicol). Some protease positive colonies were lurther 
analyzed by DNA sequencing of the insert to confirm the correct DNA sequence, and a strain for 
each construct was selected, and denoted B.subtifis L210R, 8.suof//fe L210R HVO, and B.subtilis 
L210R HV1, respectively. 



Example 9 

The six 8. subtilis strains 10RS, 10RS HVO, 10RS HV1, L210R, L210R HVO, and L210R 
HV1 , were fermented on a rotary shaking table in 500 ml baffled Erienmeyer flasks containing 100 
ml TY supplemented with 6 mg/l chloramphenicol. Six Erienmeyer flasks for each of the B. subtilis 
strains were fermented in parallel. Two of the six Erienmeyer flasks were incubated at 37°C (250 
rpm), two at 30'C (250 rpm), and the last two at 26«C (250 rpm). A sample was taken from each 
shake flask at day 1 , 2 and 3 and analyzed for proteolytic activity. The results are shown in figure 
1 . and in tables 9-1 1 . As it can be seen from the results, the effect of the exchange of the 
proregion from 10R with the proregion from the 12 protease resulted in a surprisingly high 
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improvement on the expression level of the 10R protease as measured by proteolytic activity in 
the culture broth at 37'C. The effect is most pronounced in the two tail variants. 

Table 9. Relative proteolytic activities at 37°C. 





Day 1 


Day 2 


Day 3 


10RS 


1.0 


1.0 


1 n 


10RS HVO 


V 


8.9 




10RS HV1 


3.9 


8.5 


A ^ 


L210R 


1.9 


2.3 


A R 
I .D 


L210R HVO 


5.3 


14.4 




L210R HV1 




20.9 


7 fi 


Table 10. Relative protec 


>lytic activ 
Day1 


ties at 30« 
Day 2 


c 

Day 3 


10RS 


1.0 


1.0 


1.0 


10RS HVO 


2.8 


3.1 


4.3 


10RS HV1 


3.6 


3.6 


4.9 


L210R 


0.6 


0.4 


0,9 


L210R HVO 


3.5 


3.2 




L210R HV1 


3.7 


3.? 


4.5 


Table 1 1 . Relative proteolytic activities at 26" 


C. 




Day 1 


Day 2 


Day 3 


10RS 


1.0 


1.0 


1.0 


10RS HVO 


2.6 


3.0 


2,8 


10RS HV1 


3.7 


3,3 


3.1 


L210R 


0.4 


0.7 


0.4 


L210R HVO 


2.3 


2.1 


1.9 


L210R HV1 


2.2 


1.7 


1.7 



Example 10 

Completely analogously with the above examples 1 through 9, similar experiments are 
carried out with the proteases of the following Nocardiopsis strains: 

(a) Nocardiopsis dassonvillei NRRL 18133 as described in WO 88/03947; 

(b) Nocardiopsis sp. NRRL 18262 as described in WO 88/03947, the DMA and amino acid 
sequences of the protease derived from Nocardiopsis sp. NRRL 18262 are shown in DK 
patent application no. 1996 00013, and WO 01/58276 describes the use in animal feed of 
acid-stable proteases related to the protease derived from Nocardiopsis sp. NRRL no. 18262; 

(c) Nocardiopsis Alba DSM 15647; the amino acid sequence of the protease is SEQ ID NO: 33, 
the encoding nucleotide sequence is SEQ 10 NO: 32; the gene is isolated from the genomic 
DNA of this strain by PCR-amplification using the two primers: 

1421 (SEQ ID NO: 34): gttcatcgatcgcatcggctgcgaccggccccctcccccagtc 
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1604 (SEQ ID NO: 35): gcggatcctatcaggtgcgcagggtcagacc. 

(d) Nooardiopsis prasina DSM 15648; the amino acid sequence of the protease is SEQ ID NO- 
37. the encoding nucleotide sequence is SEQ ID NO: 36; the gene is isolated from the 
genom.c DNA of this strain by PCR-amplification using the two primers: 

1346 (SEQ ID NO: 38): gttratcgatcgcatcggctgccaccggaccgctcccccagtc 

1602 (SEQ ID NO: 39): gcggatcctattaggtccggagacggacgccccaggag 

(e) Nooardiopsis prasina DSM 15649; the amino acid sequence of the protease is SEQ ID NO- 
41 . the encoding nucleotide sequence is SEQ ID NO: 40; the gene is isolated from the 
genomic DNA of this strain by PCR-amplification using the two primers: 

1603 (SEQ ID NO: 42): gttcatcgatcgcatcggctgccaccggaccactcccccagtc. and 1602 (SEQ ID 
NOt 3d). 



15 



20 



25 



Example 11 

The performance of the Nooardiopsis dassonvillei subspecies dassonviilei DSM 43235 
protease assayed in a monogastric in vitro digestion model. The performance of a purified 
preparat,on of the mature part of the protease having SEQ ID NO: 28 (prepared as described 
above) was tested in an in vitro model simulating the digestion in monogastric animals. In 
particular, the protease was tested for its ability to improve solubilisation and digestion of mafce/- 
SBM (mateeAsoybean meal) proteins. In the tables below, this protease is designated "protease of 
the invention." 

The in vitro system consisted of 15 flasks in which maize/-SBM substrate was initially 
incubated with HCI/pepsin - simulating gastric digestion - and subsequently with pancreatin - 
simulating intestinal digestion. 10 of the flasks were dosed with the protease at the start of the 
gastric phase whereas the remaining flasks served as blanks. At the end of the intestinal 
•ncubation phase samples of in vitro digesta were removed and analysed for solubilised and 
digested protein. 
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10 



15 



7.0 



40°C 



Conditinrve 

Substrate: 

pH: 

HCI: 

pepsin: 

pancreatin: 



t= 1,0 hour 


Gastric digestion 


t=1.5 hours 


intestinal digestion 


t=2.0 hours 


[intestinal digestion 


1=6.0 hours 





4gSBM,6gmaize(premlxed) 

3.0 stomach step/ 6.8-7.0 intestinal step 

8 mg/g diet for 4 hours 



20 



25 



temperature: 40'C. 
Replicates: 5 

Solutions 
0.39 M NaOH 
0.105 M HCI 

1 MM h^' COnte " ,in9 6000 0 P- 5 m, 
125 mM NaAc-buffer, pH 6.0 

Iflzyme protein rf a > a ^ fnnfion 

182, 31SW26. (1989). in S.C.Gill & p.h. von Hippel, Analytical Biochemistry 

B joarimantnl nmceH, , r f - , ffn . ^ 

The experimental procadure was accorv«n„ .« ... , 
1. 2.5. and 5.5 hou*. incubations we^eZatTn ^ mMSUred a < « me 

-moved and placed on lc e bafZ^alT t ^" * ™ -***■ of 30 «* ™« 
removed and stored a. -20-c """^V"™ (1000 ° * 8. '° min. 4-C>. Supamatants were 



30 
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" sam P«es were analysed for % degree of protein with the OPA method as well as content 
of solubdised and digested protein using gel filtration. 

PH determiner, h y ih e QPA-mPfhnrt 

semi °,T! " <DH) ° f Proteln was «—<*«• u*g an 

2001, 66. 642*16). The OPA reagent was prepared as follows: 7.620 g dWMa tetraborate 

^ T ^ -** < S °*> — .n 160 m, desert 

*^ -™ oomp.ete.yd.sso^ed before continuing. 160 mg o-phmal-dlaldehyde 
97 % (OPA) was d,ssotved ,n 4 re, etbano.. The OPA solution was transferred quantitative* to (he 

added o the ,o,u,on tha, was made up to 200 m, with deionized water. A sehne standard 0.9616 
m^, was prepared by solubilislng 50 m, serine (MeroR. Germany) ,„ 500 m. deionfced water, 
abou, o r . S0,U "° n PrePared by < " U " n8 eaCh to an absoreanoe <280 nm) of 

(MtnedLT^ T*" "* (10 ° "> US, "° a " « ' d utlon etln 
Z^T: f I ' *" **" SP6 *°^~ -dlnga — Peh-ned a. 340 nm using 

of <^A reaZr T ^ ln, ° " MF read8r »-»-»-. FW-) and 200 M l 

of OPA reagent was automatioally dispensed. Plates were sheken (2 rain; 700 rpm) before 

Zed oT " F '" a " y ' ° H "* !- * d H ***' *— > * - «*- was 
Estimation of soluble - n d din.«l f fl aa^n 

estlmalTh ""''I 0 ' S °""' i " Sed Pro ' e ' n SUP6malan,S ^ ** •*> - — 

2ISSSr B T ^ (CP) usln9 961 Wra,ion HPLa *~* — * 

filtered through 0.45 pre polycarbonate mere and diluted (1:80. Wv) with H,0. Diluted samples 

ZTSTTT 1 ! by HPLC usln9 a Supertex Pepods PE « 7 - 5 * 300 ™> ° al 

column (Global). The eluent used for isocratlc aWon was 50 mM sodium phosphate buffer (pH 

« HT?r T acl The *~ vo,ume * *- par - 26 ml a °< tha - - - 

oeZ H K T ' *" "™ k " 31 2M " m an ° "» «- ~ — <"° P"— was 

1 !flr, T? 3 " UB ° n SerieS °' Sn *» *"« refere "» malzeZ-SBM sample 
cut ua,„g the K,e,da„, melhod (determination of % nHregen; A.OAC. (1084, onL *** * 
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Analysis 14th ed, Washington DC). 

The content of digested protein was estimated by integrating the chromatogram area 
corresponding to peptides and amino acids having a molecular mass of 1500 Dalton or below 
(Savoie.L; Gauthier.S.F. Dialysis Cell For The In-vitro Measurement Of Protein Digestibility J 
Food 8A 1986. 51. 494-498; Babinszky.L, Van.D.MJ.M, Boer.H.; Den,H.L.A. An In-vitro Method 
for Predrction of The Digestible Crude Protein Content in Pig Feeds. J. Sci. Food Agr. 1990. 50 
173-178; Boisen.S.; Eggum.B.O. Critical Evaluation of In-vitro Methods for Estimating Digestibility 
•n S.rnple-Stomach Animals. Nutrition Research Reviews 1991, 4. 141-162). To determine the 
1500 Dalton dividing line, the gel filtration column was calibrated using cytochrome C (Boehringer 
Germany), aprotinin. gastrin I. and substance P (Sigma Aldrich, USA), as molecular mass 
standards. 



15 



suite 



The results shown in Tables 13 and 14 below indicate that the protease increased the 
Degree of Hydrolysis (DH). as well as soluble and digestible protein significantly. 



Enzyme 

(dosage in mg EP/kg 
feed) 


n 


t. quaunne ana relative 

Of total protein 


» values 

Relative to blank 


%DH 


SD 


%DH 


%cv 


Blank 


5 


26.84 


a 


0.69 


100.0 


a 


2.57 


Protease of the invention 
(100) 

Different letters within ttu> ... 


5 


28.21 


t> 


0.35 


105.1 


t> 


1.25 



20 



=» uiuoiwiucs \ i -way MiNvyVM, i UK6y- 

Kramer test. P<0.05). SD = Standard Deviation. %CV = Coefficient of Variance = (SD/mean value) 
x 100% 



Enzyme 
(dosage in 
mg EP/kg 
feed) 


n 


Of total | 


>rotei 


■ wo uimpiii mea 

n 


sureo py akta HPLC. 
Relative to blank 


%die 
CP 


I. 


SD 


%sol.CP 


SD 


%dlg.CP 


CV% 


%sol.CP 


cv% 


Blank 


5 


54.1 


a • 


1.1 


90.1 


a 


1.1 


100.0 


a 


2.0 


100.0 


a 


1.2 


Protease of 


5 


57.7 


0 


1.1 


93.2 




1.4 


106.7 


b 


1.9 


103.4 


b 


1.5 
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the invention 
(50) 



(100) 



58.9 



0.8 



94.8 



0.9 



108.9 



1.3 



105.2 



0.9 



-way ANOVA, Tukey 



Different letters within the same column indicate significant differences (1- 

Kramer test, P<0.05). SD = Standard Deviation. %CV = Coefficient of Variance = (SD/mean value) 
x 100% 



Example 12 

Performance of the protease from Nocardiopsis dassonvillei subsp. dassonvilfei DSM 
43235 in an aquaculture in vitro model. The protease preparation as described in Example 3 was 
tested in an aquaculture in vitro model simulating the digestion in coldwater fish. The in vitro 
system consisted of 15 flasks in which SBM substrate was initially incubated with HCI/pepsin - 
simulating gastric digestion - and subsequently with pancreatin - simulating intestinal digestion. 
10 of the flasks were dosed with the protease at the start of the gastric phase whereas the 
remaining 5 flasks served as blanks. At the end of the intestinal incubation phase samples of in 
vitro digesta were removed and analysed for solubillsed and digested protein. 

15 Outline of aqua in vitm digestion prnraHiiro 



10 



Components added 



10 g extruded SBM substrate, 
62 mL HCI (0.155M)/pepsin 
(4000 U/g substrate), 1 mL of 
the protease of the invention 



7mL NaOH (1.1 M) 



5 mL NaHCO a (1 M) / pancreatin 
(8 mg /g diet) 



Terminate incubation 



PH 



3.0 



6.8 



6.8 



7.0 



Temperature 



15°C 



15°C 



15°C 



15°C 



Time 
course 



t=0 min 



t=6 hours 



t=7 hours 



t=24 
hours 



Simulated digestion 
phase 



Gastric digestion 



Intestinal digestion 



Intestinal digestion 



Conditions 
Substrate: 
PH: 
20 HCI: 
Pepsin: 



10 g extruded SBM 

3.0 stomach step/ 6.8-7.0 intestinal step 
0.155 M for 6 hours 
4000 U/g diet for 6 hours 
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Pancreatin: 8 mg/g diet for 1 7 hours 
Temperature: 15°C 
Replicates: 5 

Solutions 
1.1 M NaOH 

0.155 M HCI / pepsin (4000 U/g diet) 

1 M NaHC0 3 containing 16 mg pancreatin/mL 

125 mM NaAc-buffer, pH 6.0 



Experimental pm^dure for ann a j n vitro moda| 

The experimental produce was according to the above outline. pH was measured at time 
1, 5. 8 and 23 hours. Incubations were terminated after 24 hours and samples of 30 mL were 
removed and placed on ice before centrifugation (13000 x g, 10 min, 0«C). Supematants were 
1 5 removed and stored at -20°C. 

Analysis 

All supematants were analysed using the OPA method (% degree of hydrolysis) and by AKTA 
HPLC to determine solubilised and digested protein (see monogastric example). 

Pre-treatment of in vitro supemat ants with EASY SPE columns 

Before analysis on AKTA HPLC supematants from the in vitro system were pretreated 
using solid-phase sample purification. This was done to improve the chromatography and thereby 
prevent unstable elution profiles and baselines. The columns used for extraction were solid phase 
extraction columns (Chromabond EASY SPE Columns from Macherey-Nagel). 2 mL milliQ water 
was eiuted through the columns by use of a vacuum chamber (vacuum 0.15 x 100 kPa). 
Subsequently 3 mL in vitro sample was dispensed onto the column and eiuted (vacuum 0.1 x 100 
kPa), the first Vz mL of eiuted sample was thrown away and a clean tube was placed beneath the 
column, then the rest of the sample was eiuted and saved for further dilution. 

Results 

The results shown fn Tables 15 and 16 below indicate that the protease significantly 
Increased Degree of hydrolysis and protein digestibility. 

Table 15: Degree of Hydrolysis (DH) measured hv the OPA m«thnH absolute anri ^ „ g „ toe 



35 
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Enzyme 
(mg EP/kg diet) 
Blank 



Protease of the invention (50j 



n 



%DH 

21.30" 



K-amer test. P <o.05>. so . Steward ^viaSoTy cv 7^^^^ VA ' Tuk ^ 



SO 
052" 



Relative to blank 



%OH 
10O0" 



103.2 



%CV 



2.42 



values 



Enzyme 




(mg EP/kg 


N 


diet) 




"Blank " 


~5 


Protease of 


S 


the 




invention 




(50) 




piob) 


5 i 



Of total protein 
%CP~ 



52.3 



"5 — 



SD I %CP~ 



1.2 



1.1 



>.9 



91.4 









SO 






" "3 


1.5 " 




"1.0 - 



rceiaave to blank - 



104.8 



§ - f 3 g j- 

27i 



101.7 



10 



%cv 
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CLAIMS 



H~ IT POlyP T' e '** *" ^ WWch compos a 

heterologous pro-region, and which polypeptide: 

(a) comprises an amino acid sequence which is at .east 70% identical to the amino acid 
sequence of the mature part of the polypeptide shown in SEQ ID NO: 28- SEQ ID NO- 
33; SEQ ID NO: 37; SEQ ID NO: 41 ; or SEQ ID NO: 43- 

(b) comprises an amino acid sequence which is at .east 70% identical to the amino acid 

Zrr^ 6 ^ Part ° f P ° ,yPepUde en °° ded b * the Polynucleotide in SEQ 
ID NO: 1; SEQ ID NO: 2; SEQ ID NO: 25; SEQ ,D NO: 31; SEQ ID NO: 32; SEQ ID 
1 ° NO: 36; or SEQ ID NO: 40; 

M comprises a malura pan which is a variant of .he matura par. of the po>ypep«de having 
the amino add sequence of SEQ ,D NO: 28; SEQ .0 NO: 33: SEQ tD NO: 37; SEQ .D 

and/ l' " '? " 3 ' * M9nWnt MmP,iSin9 a SU °**^ — -, extension. 
a "d/or Insertion of one or mora amino acids: 
15 (d) is an allelic variant of (a), (b), or (c); 

(e) Is a fragment of (a), (b). (c). or (d). 

2. The pelypepilde according to daim 1 . wherein the heterologous pra-reglon is derived from a 

unIl P T e r eaC00rd,n9,0any0,C,a ' mS 1 • 3 '" hl *»-Prtsesa. te astthreenon*o, a ror 
uncharged polar am.no acids within the las, fear amino ac«s of the Cerminus of the peptide 
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7. The polypeptide according to claim 3, wherein the one or more added amino acids are selected 
from the group consisting of: QSHVQSAP, QSAP, QP, TL, TT, QL, TP, LP, 71. IQ. QP, PI L7 TQ 
IT, QQ, and PQ. ' ' 

5 8. The polypeptide according to any of claims 1 - 7 which comprises a heterologous secretion 
s.gnal-peptide which is cleaved from the polypeptide when the polypeptide is secreted, preferably 
the heterologous secretion signal peptide is derived from a heterologous protease. 

9. The polypeptide according to claim 8, wherein the heterologous secretion signal peptide 
10 comprises an amino acid sequence having a sequence identity of at least 70% with the amino 

acid sequence encoded by polynucleotides 1 - 81 of SEQ ID NO: 2. 

10. An isolated polynucleotide encoding a polypeptide as defined in any of claims 1-9. 

15 11. A recombinant expression vector or polynucleotide construct comprising a polynucleotide as 
defined in claim 10. 

12. A recombinant host cell comprising a polynucleotide as defined in claim 10, or an expression 
vector or polynucleotide construct as defined in claim 1 1 

20 

13. The recombinant host cell according to claim 12 which is a Bacillus cell. 

14. A transgenic plant, or plant part, comprising a polynucleotide as defined in claim 10, or an 
expression vector or polynucleotide construct as defined in claim 11 

25 

1 5. A transgenic, non-human animal, or products, or elements thereof, comprising a 
polynucleotide as defined in claim 10. or an expression vector or polynucleotide construct as 
defined in claim 11. 

30 1 6. A method for producing a polypeptide as defined in any of claims 1 - 9, the method 

comprising: (a) cultivating a recombinant host cell as defined in claim 12 or 13, or a transgenic 
plant or animal as defined in claims 14 or 15. to produce a supernatant comprising the 
polypeptide, and optionally (b) recovering the polypeptide. 
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17. An animal feed additive comprising at least one polypeptide as defined in any of claims 1 - 9- 
and 

(a) at least one fat-soluble vitamin, and/or 

(b) at least one water-soluble vitamin, and/or 

(c) at least one trace mineral. 

18. An animal feed composition having a crude protein content of 50 to 800 g/kg and comprising 
at least one polypeptide as defined in any of claims 1 - 9, or at least one feed additive of claim 17. 



19. A composition comprising at least one polypeptide as defined in any of claims 1 - 9. together 
w.th at least one other enzyme selected from amongst phytase (EC 3.1.3.8 or 3.1.3.26); xylanase 
(EC 3.2.1.8); galactanase (EC 3.2.1.89); alpha-galactosidase (EC 3.2.1.22); protease (EC 34 - -) 
phospholipase A1 (EC 3.1.1.32); phospholipase A2 (EC 3.1.1.4); lysophospholipase (EC 3.1.1 5)- 
phospholipase C (3.1.4.3); phospholipase D (EC 3.1.4.4); and/or beta-glucanase (EC 3 2 1 4 or 

15 EC 3.2.1.6). 

20. A method for using at least one polypeptide as defined in any of claims 1 - 9, for improving the 
nutritional value of an animal feed, for increasing digestible and/or soluble protein in animal diets 
for .ncreasing the degree of hydrolysis of proteins in animal diets, and/or for the treatment of 
vegetable proteins, the method comprising including the polypeptide(s) in animal feed, and/or in a 
composition for use in animal feed. 

21 . A method for using at least one polypeptide as defined in any of claims 1 - 9, comprising 
including the polypeptide(s) in a detergent formulation. 

25 
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ABSTRACT 



A secreted fusion polypeptide which has protease activity, which polypeptide comprises 
a heterologous pro-region, and which polypeptide is derived from the mature part of an S2A or 
S1E protease. 



Modtaget 

•■iu^uSSt"*™-** ' 2 OEC 2003 

<110> Lassen, soren Flensted PV S 

<120> improved fusion proteases and methods for producing them 

<130> 10495. 010-DK 

<160> 43 

<170> Patentm version 3.2 

<210> 1 

<211> 1062 

<212> DNA 

<213> Nocardiopsis sp. nrrl 18262 
<220> 

<221> misc_feature 

<2 22> CD . . C495) 

3> tHe ^'^on shown in positions -165 to -1 of seq id 



<220> 

<221> misc_feature 
<222> (496).. (1059) 

nS?43? S tHe matUre re 9 ion show " 1" Positions 1-188 of SEQ id 
<400> 1 

gctactggag cattacctca gtctcctaca cctgaagcag atgcagtatc gatgcaagaa 60 

gcattacaac gtgatcttga tcttacatca gctgaagctg aggaattact tgctgcacaa 120 

gatacagcct ttgaagttga tgaagctgcc gctgaagcag ctggtgatgc atatggtggt 180 

tcagtattcg atactgaatc actcgaactt actgtactag tgaccgatgc agcagctgtt 240 

gaagctgttg aagccacagg tgcaggtaca gagctcgtat cttatggtat tgatggatta 300 

gatgagatcg tacaagagct taatgcagct gatgccgttc caggtgtagt tggatggtat 360 

cctgatgtag caggtgatac tgttgtctta gaagttcttg aaggctctgg agctgatgtt 420 

tctggacttt tagcagacgc aggagtcgat gcatccgcgg ttgaagtgac cacgtcagat 480 

cagcctgaac tctatgccga tatcattgga ggcctagcgt acacaatggg tggtcgctgc 540 

agcgtaggat ttgcagccac aaatgcagct ggacaacctg gcttcgtgac agctggacat 600 

tgcggccgcg tcggtacaca ggttactatc ggcaatggaa gaggtgtctt tgagcaaagc 660 

gtatttcccg ggaatgatgc tgccttcgtt agaggtacgt ccaactttac gcttactaac 720 

ttagtatcta gatacaacac tggcggatat gcaactgtag caggtcacaa tcaagcacct 780 

attggctcta gcgtctgccg ctcagggtcg actacaggat ggcattgtgg aaccattcaa 840 

gctagaggtc agagcgtgag ctatcctgaa ggtaccgtaa cgaacatgac tcgtacgact 900 

gtatgtgcag aaccaggtga ctctggaggt tcatatatca gcggtacgca agcgcaaggc 960 

gttacctcag gtggatccgg taactgtagg acaggtggca caacgttcta ccaggaagtg l 020 
acaccgatgg tgaactcttg gggagttaga ctccgtacat aa 
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<210> 2 10495. 010-DK.ST25.txt 

<212> DNA 

<213> Artificial sequence 

<220> 
<223> 



<400> 



Sr ac c9tts9wM aatt9tc9ca a9ca « 8cac 

a 9 «c,tc 9 a « gca tc 9g c t g ctact gga gcattacctc a 9 t«cctac acctll 

ssr ::;r 9a a9camcaa — ~ ~ 
-~ c\~ ::r tt9 at9aa9ct9 < ~— 

ni- na . "cagtattc gatactgaat cactcgaact tactgtacta 

I" 9 Ca9Ca9Ct9t t9M9Ct9tt a gag 
«tat 99 ta tt g » ggatt a 9 a tfl a 9 atc gtacaawgc ttaat 9 ca 9 c t al 
«a 9gtgt a g ttggatggta tcct9at9M ^ 

9 r:; t9 9a9ct9at9t " ctMac " — ° ~ a : ; 

9 tt 9 aa 9t9 a ccac^a tca 9C ct 9 aa ctctat 9 cc 9 a t , t cat tg9 a' cg 
taeaca. gtggtcgctg cagcgtagga t(t9ca9cca » 

M cttc 9 t 9 a ca 9 ct 99 aca tt 9 c M « 9 c 9 tc 99 tacac , 99tt actat 

:~ :;r aa9 c9tattt <« *~ — ^ ~ 
~ :::::: :~ — — — 

toccata „ «« 99 ctct wetgcc g ctca ggg tc 9 actaca 99 a 

t^catt^ 9 aacca,«a a 9 ct, gaggt c agagcgtga g cta«ct g a a 99 ta ' a 
ac 9 aaca t9 a ctc 9 tac 9 ac tgtatgtgca gaaccaggtg a * 

ZZZ aa9C9caa " C9ttacctca 99t99at « 9 - - 

aa 9 " Ct ^ctctt ggggagttag acrcclta a 



<210> 3 

<211> 8 

<212> prt 

<213> Artificial sequence 

<220> 
<223> 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1143 



SSSn] «« tail expressed as fusion „ proteaM of the 



<400> 3 
|ln ser His val Gin ser Ala Pro 

<210> 4 

Page 2 



<211> 24 10495. 0l0-OK.ST2S.txt 

<212> ONA 

<213> Artificial sequence 
<220> 

<223> ^^jrsstjssini sasas amlno acid ta11 » 

<400> 4 

caatcgcatg ttcaatccgc tcca 

24 

<210> 5 
<211> 4 
<212> PRT 

<213> Artificial sequence 
<220> 

<223> JnJenTiSn-] ^ acid tail ^pressed as fusion to protease of the 

<400> 5 

Gin ser Ala Pro 

<210> 6 
<211> 12 
<212> ONA 

<213> Artificial sequence 
<220> 

<223> fS&^U»?hJ fSSSSff. tan expressed as 

<400> 6 
caatcggctc ct 

12 

<210> 7 
<211> 2 
<212> prt 

<213> Artificial sequence 
<220> 

<223> fiSSSX? am1n0 3Cld tail ^ssed as fusion to protease of the 
<400> 7 

Gin Pro 
1 

<210> 8 

<211> 6 

<212> dna 

<213> Artificial sequence 
<220> 

<223> ^iFSStJSS^ii SSSlS^ — «« «« expressed as 

<400> 8 
caacca 

6 
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<210> 9 10495. OlO-DK.ST25.txt 

<211> i 

<212> pr T 

<213> Artificial sequence 
<220> 

<223> EXiHSK amin ° aCid tail messed as fusion to protease of the 

<400> 9 

Pro 
1 



<210> 10 

<211> 3 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> ffiw^w?,,! fssssss. mino ac1d ta11 «•"«— - 

<400> 10 
cca 



<210> U 

<211> 45 

<212> ONA 

<213> Artificial sequence 
<220> 

<223> Primer #252639 

<400> 11 

catgtgcatg tgggtaccgc aacgttcgca gatgctgctg aagag 



45 



<210> 
<2ll> 
<212> 
<213> 

<220> 
<223> 



12 
44 
ONA 

Artificial sequence 
Primer #251992 



<400> 12 

catgtgcatg tggtcgaccg attatggagc ggattgaaca tgcg 

<210> 13 

<211> 44 

<212> ONA 

<213> Artificial sequence 
<220> 

<223> primer #179541 

<400> 13 

gcgttgagac gcgcggccgc gagcgccgtt tggctgaatg atac 

<210> 14 
<211> 43 
<212> DNA 

<213> Artificial sequence 
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44 



10495.010-DK.ST25.txt 

<220> 

. <223> Primer #179542 
<400> 14 

gcgttgagac agctcgagca gggaaaaatg gaaccgcttt ttc 

<210> IS 

<211> 64 

<212> ONA 

<213> Artificial sequence 
<220> 

<223> Primer #179539 

<400> 15 

ccatttgatc agaattcact ggccgtcgtt ttacaaccat tgcggaaaat agtcataggc 
atcc 5,3 

<210> 16 

<211> 60 

<212> dna 

<213> Artificial sequence 
<220> 

<223> Primer #179540 

<400> 16 

ggatccagat ctggtacccg ggtctagagt cgacgcggcg gttcgcgtcc ggacagcaca 

<210> 17 

<211> 37 

<212> ONA 

<213> Artificial sequence 
<220> 

<223> Primer #179154 

<400> 17 

Qttgtaaaac gacggccagt gaattctgat caaatgg 

<210> 18 

<211> 37 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Primer #179153 

<400> 18 

ccgcgtcgac actagacacg ggtacctgat ctagatc 

<210> 19 
<211> 22 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> Primer #317 
<400> 19 

tggcgcaatc ggtaccatgg gg 
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<210> 20 

<211> 40 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Primer #139 Not i 

<400> 20 

catgtgcatg cggccgcatt aacgcgttgc cgcttctgcg 

<210> 21 

<211> 7443 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> sequence of plasraid P mb1S08 

<400> 21 



IZT" C " t9atSaC " t9MaaCC =ca 9ct cccg gagacggtC a 

r r a9cMat scc999a9ca 9acM9c « 9 «~ z 

accatat 9 c 9 g t gtga ,ata cc g caca 9 at 9 c 9 taa g9 a 9 aaaatacc 9 c a«a 9 g ! 9 L 

::::: a — -*««, tctt ^ 

t«c a 9aaa " 9 " at9t9 " 9 CMB9C9a " -»«» ac 9 cca 9ggt 
tt«cca 9 tc ac 9 ac g « g t aaaa Cg ac 99 cca g t g aat t c^taaaa* 9 ctttm t9 

aa« 9 a a 9 aa«a«a « 9 «aa gct ta a«aaa 9 a t a,ta«« t a 
9cc ctcaaa a 9 taa g aact acaaaaaaa 9 aatac 9 «at ata 9 aaatat g «t 9 a "« 

::::: <~ a« 
9 Lt" : r cctt 9aaaam9a aaa "-« 

9 " a! atttMt " tCtCaatt CMtatataa ~ a " ««9«a a 
a 9 ta 9 aaatt aa 9 acaccct tgatagcctt actataccta acat 9 at 9 ta otattaaar. 

zr; : atatttat9 ataasaa9 < 9 — ~ - - 

tt9 9 aat g at taa 9 attcca ata g aata 9 t 9 tataaatta tttatctt 9 a aa gg a g9g at 

: aa r att — — « <~ 

~; — — ~- 

9«gggga aaattgtcgc aagcaccgca ctactcattt ctqttactt-r 
9«catc 9 a« 9 ca« gg c tgctgaasa a 9 caaaa 9 aa aa«a t «aa t 9 L 
t 99 ca gg aa 9 « gtC a 9tg a9ttt9t a 9 a acaa^ 9 caaat 9 ac g a g9 « g a" 

«c c tgag 9 aa 9 a 99 aa 9 tcg aaa« g a a« g cttcat g aa«t g aaa c g « tc " 
ta cc 9tt 9agttM9cc ^ ggac9cgctt * a« 

«a tattg aa g a g9 a tg ca g aa.taac.ac aa^caa tcggt accat 9g g a 1380 



40 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
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aacgcgttaa tccgcggata tatagcggcc gcagatctgg 9 accaataat aat 9 acta 9 a 
9 aa 9 aa, 9 aa tgaagattgt tcatgaaatt aa 9g aac 9 aa tatt 99 ataa a 9 t 999 atat 
trttaaaata tatatttat, ttacagtaat attgactxtt aaaaaaggat tgattctaat 

• IT', 9aCM9tM9 tCaCt " a9a taMM "" »»"catat 

caaatgaact ttaataaaat tgatttagac aattggaaga gaaaagagat atttaatcat 

tatttgaacc aacaaacgac ttttagtata accacagaaa ttgatattag tgttttatac 

cgaaacataa aacaagaagg atataaattt taccctgcat ttattttctt agtgacaagg 

gtgataaact caaatacagc ttttagaact gg«acaata gcgacggaga gttaggttat 

tgggataagt tagagccacr ttatacaatt tttgatggtg tatctaaaac attctctggt 

atttggactc ctgtaaagaa tgacttcaaa gagttttatg atttatacct ttctgatgta 

gagaaatata atggttcgg, gaaattgttt cccaaaacac ctatacctga aaatgctttt 

tctctttcta ttattcctg gacttcattt actgggttta acttaaatat caataataat 

agtaa ttacc «ct,cccat tattacagca ggaaaattca ttaataaagg taattcaata 

tat« acc9c tatctttaca ggtacatcat tctgtttgtg atggttatca tgcaggattg 

tttatgaact ctattcagga attgtcagat aggcctaatg actggctttt ataatatgag 

a" «a«t« CtfltKtttt taCa9tC ° St """^ 

agcaactttt tttgcgctta aaaccagtca taccaataac ttaagggtaa ctagcctcgc 
cggaaagagc gaaaatgcct cacatttgtg ccacctaaaa aggagcgatt tacatatgag 
ttatgcagtt tgtagaatgc aaaaagtgaa atcagctgga ctaaaagggg ccgcagagta 
gaatggaaaa ggggatcgga aaacaagtat ataggaggag acctatttat ggcttcagaa 
aaagacgcag gaaaacagtc agcagtaaag cttgttccat tgcttattac tgtcgctgtg 
ggactaatca tctgg t «, t tcccgctccg tcc9gactt9 aacctaaagc 
tttgcgattt ttgtcgcaac aattatcggc tttatctcca agcccttgcc aatgggtgca 
attgcaattt ttgcattggc ggttactgca ctaactggaa cactatcaat tgaggataca 
ttaagcggat tcgggaataa gaccatttgg cttatcgtta tcgcattctt tatttcccg, 
ggatttatca aaaccggtct cggtgcgaga atttcgtatg tattcgttca gaaattcgg, 
aaaaaaaccc ttggactttc ttattcactg ctattcagtg atttaatact ttcacctgct 
attccaagta atacggcgcg tgcaggaggc attatatttc ctattatcag atcattatcc 
gaaacattcg gatcaagc« ggcaaatgga acagagagaa aaatcggtgc attcttatta 
aaaaccggtt ttcaggggaa tctgatcaca tctgctatgt tcctgacagc gatggcggcg 
aacccgctga ttgccaagct ggcccatgat gtcgcagggg tggacttaac atggacaagc 
tgggcaattg ccgcgattgt accgggam gtaagcttaa tcatcacgcc gcttgtgatt 
tacaaactgt atccgccgga aa.caaagaa acaccggatg cggcgaaaat cgcaacagaa 
aaactgaaag aaatgggacc gttcaaaaaa tcggagcttt ccatggttat cgtgtttctt 
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«\«l c o« r t9t99at tttt99c " c a9cttMa " tc9awta < — »»o 

" " C ° 9tt tM " BttCt «a«tct fl a c« M9 at 8a tatcaa g aaa 

I 9 : 3 t Ctt " S " aC 9 <""»» « 3 «a tg « C9 ccaacttc 

t L 9 " Cat99t 9tCtt " ttC a9t3at9CM t9Mat »« ^*ca ggg 

tc« 99 a « 9t99C att catcatma att 9 tt gtg t attattactc «acxa«« 
t« 9 caa 9 t 9 c 9 aca 9 ccca catca 9 t 9 c 9 at 9 tattca 9 cattttt 99< : tg tc g tc g t g 
Ca9C98SC9 CaCC9K9 « "» 9 » 9 < 9 «^«c 9 c^catca, c ac 

t tacM ttct99a9c9 9ctcc99t " 

cc 8 caa 99 ca aat 99 t 99 tc catc 99 at« a«ct g tc 9 a « 9 ttcatat catc 9 tat 99 
«t 9 t g atc 9 9 c 99 attat 9 ctaggaatat 9 99 

aaattccct 9 t 9 aaaaatg 9 tat 9 , t «a 9 9t a 9 aa» 99 a c 99 ct 99 t 9 c t 9tg9 t 9 aaa 

I 9 :"" a " tttCOT 9CaMCaaaa ataat "" C - 

1™ a 9 " 9aC CattaC9 " a 9CC9ttCa9C " ara ^ 

<a 99 ca 9 a 9 c a^cMt t caaac 9gcg a 9 aaccam cctatat 9 cc 9 cc 99t taL 

I 9 """ 9 a9a9a — 9 «« 8 ac 9 c aa 9 a 9gt c« 9 aa Ma \" 

9 :::l 9 : ctMt9c9tt t9ccatttat 9tttt9 - 9 — «- * 

„ C " 9 9C " att aaa ° aaaCt9 9a9C9M9Ca 9a »-»» 3ttt 9g c g9 t 

9 : " 9aaaCaaa tca 9 a 999 a 9 cJZ 

ataaaa 9 aac a 9 aa 99g ata ca g ccaa g t 9 atc 9g ca gcg t 9 «t 9 tt g a ttttct 9 caa 

rr" 9 a9caaascat caaaaa9cat «•-«» ^ 9t9t9 a t tgctgtg «; 

:::;r tc " atttat t9 — — Q 

aaCC9C " 9a 9 "< 9 <»« «»"c gtg a 9 a 99 aac 9 c aat 9 ctt«c 
9 c 9 at« 9 a g aa 9M a«at t g ccaccaat c 9 t 9 aa g9 c g tc 9 tcaccat 9 at 9 aac 9 ta 

;:::: 9cc9 a9at9 «- ™° «««« a« t ««« : 9a ; 

9929 Ca " 9 " 9 " 9 aaaaa 99 a 9 aa« 9 « 9 cc 

9 ta 9 c 9t c, ac 9 atcaa 9 t 9 t«attatc aat,c g aaa g t 9 at 9 aatca a 99 c gg ea g 
c 9 ta t999 a « 9 « gtcag cttcagggag aaaacagagc 

::r ttc9caaata ttca9a99at -.li: 

aa 9 ctttat 9 c 9 atttta 99 9 ct 9 c g tc 9 a cct 9 ca 99 ca t 9 «a 9 ctt 9 9 c 9 taatcat 
99 «a« 9 c t gmcctgtg tgaMttgtt atccgctMc 9 

rr aM9t9taaa 9CCt "" t9 Ktaat9a9t 9a9 — ™ 

tl 9 a " 9CCC9Ct ttCCa9tC " 9aaK « 9 " 9t ™ 9 ca«aat g a 
tc^ccaac, c g c g9gg a 9 a g9cggtttgc gt ccmccgct = 



3S40 

3600 

3660 

3720 

3780 

3840 

3900 

3960 

4020 

4080 

4140 

4200 

4260 

4320 

4380 

4440 
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4740 
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5280 

5340 

5400 
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ctgactcgct g c 9 ctc gg tc 9 ttc 99 ct 9 c 99 cga 9 c 9g t atcagctcac tcaaaggcgg 
taatacggtt atccacagaa tca 9999 ata ac 9 ca 9 gaaa gaacatjtga gcaaaaggcc 
agcaaaaggc ca 99 aacc g t aaaaa 9g cc 9 c 9 tt 9 ct gg c gtttttccat a 99 ctcc g cc 
««t 9 acga gcatcacaaa aatcgacgct caagtcagag gt 9 gcgaaac cc 9 aca g9 ac 
tataaagata ccaggc g ttt cc«ct 99 aa gctccctcgt gcgctctcct 9 ttc C gaccc 
tgcc 9 cttac cggatacct, tcc 9 c«ttc tccc«c ggg aa g c g t g9 cg ctttctcta 
Ktcacgctg taggtatctc a 9 ttc 9 gt 9 t ag 9 tc 9 ttcg ct«aa 9 ct g 9 gct 9 t 9 tg<: 
acgaaccccc cgttca 9 «c gaccgctgc g ccttatcc gg taacta« g t ctt g a 9 tcca 
accc 99 taa 9 acac g actta tcgccactgg cagcagccac tg 9 taaca gg attagcagag 
cgaggtatgt ag 9 c 9g tgct acagagttct tgaagt 9gtg gcctaactac 9 gctacacta 
9 aa 9 ga C a 9 t attt gg tatc tgcgctctgc tgaagccagt t,c«tc 9g a aaaa 8 a 9 tt 9 
9 tagctctt 9 atccggcaaa caaaccaccg ctggtagcgg tggttmtt 9 ttt 9 caa 9 c 
ascagattac gcgcagaaaa aaa 9 g,tctc aag, ag atcc ttt g .tct« tctac 999g t 
c 9 ac 9 «ca gtggaacgaa aactcacgtt aagggamt g9 tcat 9 a g a «atcaaaaa 
ggatcttcac cta 9 atcctt ttaaattaaa aat 9 aagttt taaatcaatc taaagtatat 
awaaac ttgsptctgac agttaccaat gcttaatca, tgaggcacct atctcagcga 
tctgtctatt t C9 ttcatcc atagt^cct 9 a«cccc gt c 9tgtagata actac 9 atac 
999 agggctt accatctggc cccagtgctg caatgatacc gc 9 , 9 ,«c, cgctcaccgg 
ca Kg9 attt atcagcaat, aa«a 9 cca 9 ccggaagggc c^cgcasa a 9 tggtcct g 
caactttatc c 9 cc«catc cagtctatta attgttgccg 9 gaag«a 9 a gtaa 9 ta 9 tt 
< 9 cca g ttaa ta 9 «tgc 9 c aac^tt, ccattgctac aggcatc g tg gtg tcac 9 ct 

cgtcgtttgg tat 9 gcttca ttca 9 ctcc 9 9 ttc«aac 9 atcaa ggcg a attacatsat 
cccc cat9tt gtgcaaaMa 9csgttagct ccttcggtc<: tccaatc9it 

a 9 ttggccgc a 9 tgttatca ctcat g9 «» tggcagcact gcataattct ctractgtca 
tgccatccgt aagatgcm tct,tgact g g t 9 a 9 tactc aaccaa 9 «a ttct 9 agaat 
agt 9 t,tgc 9 gcgaccsagt t 9 ctctr g cc c g9 c 9 tcaat acgggataat accgcgccac 
atagcagaac tttaaaagtg ctcatcattg gaaa, cg ttc ttt 999g c g a aaactctcaa 
Matcttacc gct 9 tt g aga tcca 9 ttcga tgtaacccac tc g t g caccc aact 9 atctt 
cagcatcttt tactttcacc a 9 cgtttct g 8g tgagcaa, aacaggaagg caaaatgcc g 
caaaaaa g99 ,ataag gg cg acac 99 aaat 9 tt 9 aata« catactcttc ctttttcaat 
attatt 9 aa 9 catttatcag g9 ttattgtc tcatga 9 cgg atacatattt 9 aat 9 ta«t 
agaaaaataa acaaataggg gtt«gc 9 c, catttccccg aaaagtgcca cct 9 acg«t 
aagaaaccat tattatcat 9 acattaacct ataaaaata g gcg tatcac 9 a 9 gccctt« 
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5580 

5640 

5700 

5760 

5820 

5880 

5940 
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6060 

6120 

6180 

6240 

6300 

6360 

6420 

6480 
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Page 9 7443 



1049S.010-OK.ST25.txt 

<210> 22 
<211> 5718 
<212> dna 

<213> Artificial sequence 
<220> 

<223> sequence of MB1510 genomic integration region 
<400> 22 

gagegccgtt t gg « g a,t g atacaaca* c«a«tcct tactgcgtct gg « 9 caaaa 

::::::: ~» mMUtK 

:™ ~ 9aatctt9tc caa9t9tcac 

ccatttttca ccgctttgag atttttccag agcgggttcg 
t cactc at«acaa tg gttttgcctt cgttggctga gatgaacaaa a J 
a tttgct caattgctca aggctgacct cttgataMc ^ « 

7" ta 9 c« tta aa 9 at«ctc cg «ata gg a tgatg a tgt a 
ga tccgc tcttgcaacg cc g , 9 aac 9 , tgttgcggtt ttcatctttc Maa « g ° g 

a 9 9tt9at3aCt " ttt9t9Ct C99CM9C " <™« 

aa tT a9Caat9 8tC8taaa9C t9tC9aK9t «^tcac 
ggcmttaa ttcaatcgtc gggg c 9 attt ttttca 9 ct g tttata,at 9 t«ttat 99 c 
»ct a gcgtc agcgatgatt ajatcag9ct tcMMMct 

:::::: 9cra " 9 « ~« g acaa g «« « a ji t 

ctttt« g « g tcat«gc 9 at g «cacc 9 g c g taatgc C ga 9 att gtg a acggcatcca 

:::::::; 9 ctcaascaca accaccc9 « — •*« — . » « 

9 9atCa "" 9 ~~»- 9 « gcttccg ttBttattct 

ggcttgatga aca 9 cc g9 at acaat 9 a 99 c a 9gcg a 9 caa taaaacactc at 9 ar 9 gcaa 

~ 9 «— ~ ~«* «cag««a gtL ! 
tcattatcac atgtaacact ataatagcat g9 ctta«,t gtcaatatt, ttttagtaaa 
aaag« gcg tttttactgc mctcatsa aagcatcMc agacacaaat 

a ::: 9t9tcttc9a 9acaaaaacs . 

g o r taa " a a " a9a9t9C t9a9atM " ~~ 
tatccl " MattCa at9tC9K9a tattCat9at "*»•» «-ag«ga 

ZZ2 r t9ttcc tc " caaaaa cc9caa9ctc 9t9aa «<« ^ 

cggcacgctt at 9 gaaaatc tgtttgacta aatcactcac aatcc^gc, ttgtattgct 
g «c tg9tg a aaag t « tg c ,«agac«a CnmgcK gtacggataa J 

:::: ~ t9atttttct 9aaaa 4 

cccgttccta tcactttacc at 9g ac 99 aa aacaaata g c tactaccatr c«cctgt« 
ttctcttcaa tgttctggaa «t g t«ca g g taca g ac 9 a tcg9gtatga ^ 
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gaaaacatga aggaggaata tcoacatoaa aceaoi-»„.. 

acagctcatg aaaaat««„ „ •"•»»<*» aaagagtata caaatgacga 1800 

«tL Ma9at9ta3 a Maattgca gaaaatgggt gttgcgaaa, aggatgtata 

g cggag« aaagaaacag gtttcaagca cgeggtggga aatatcttca ataaaaaagg 
gacgagctc cgcaataaaa ttcacgaaat cgg ttt « ct ^ m 

™ " " a9at9aa9 8aaaa « 9 « «ag„Lcg aaa 

g t t tMa9Caa " MaaaaCCaa aa98 ™"' 

ggtctttgc gg t gg gattt tgcagaatgc » « 

=========£ 

== = = = == = 

cgctt aaatgactat Magatccsg a8tatgattt m t 9 c 

L c :::r c aaaaaa9aa < < 9 "" 9aa < — ^ 

octctcagaa aaaccaaaaa gcacgggtca tggtggatat ccctgcaaac acgacaatc 

=« =nr m nr- - = 
= =r ::= = =: 

atcttttata ggtcattaga gtatacttat ttgtcctata aactatttao 
agca taata gatttattga ataggtcMt J a ™ 

:::::: :z:z r atcta ~ : " 

ttgaalor !! gtarctcagc 
« c 9 9aa9CaB a9a "«- -« «» gtagaaagcg ccatatcggc 

U" ^ «~ — 9 «— gga«a«« 

ratgtatcac attgaaagga ggggcctgct gtccagactg tccgctatat 
"aaataagg aataaagggg g, ttgacatt 9 9 

taa g aaa«g gaggggccct cgaaacgtaa 9 ~ «*. 

::::: zz™ «~ — — : ™: 

t « a a ; aCaaaaaaa 9aa "^ ~~ t««gaacc 

atgacaJca . ^ — taactataga 

— « gtama : ;:: ~ ~ « :r - ~ 9 3720 

Page H 3t9CCaat aca "gttac 3780 
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== = = = ;=: = z 

attggaatga «aa 9 a«cc aatagaata, tgtataaatt atttatm, aaaJaLl 
tgcctaaaaa cgaagaacat taaaaaea,, aaaggaggga 
ate a ^^„ taaaaacata tatttgcace gtctaatgga tttatgaaaa 

atcatttta. cagtttgaaa attatgtatt atggagctct gaaaaaaagg agagg Laa 
9agaaaaggg garcggaaaa caagtatata ggaggagacc t ««atgg 
acgcaggaa aacagtcagc agtaaagc tt gttccattgc ttattact " „ ~ 

zzz r tattcc c9ctcc9tcc 

scgatmtg tcgcaacaat tatcggcttt atctccaagc ccttgccaat ggg tflc Ltt 
9caat««g cattggcgg, tactgcaca actggaacac tatcaa«,a ^ a 
a c 99 a«cg ggaataagac c,tttggc« a«g«atcg ca««« t 

a a " 3 t9C9a9Mtt *■»— "«g Z 

aaaacccttg gactttctta ttcactgeta ttcagtgatt taatactttc acctgetatt 
ccaagtaata cggcgcgtgc aggaggcatt atatttccta «a«agatc a at g a 

a Igg\T CM9CCC99C MatMM " ~- ~< « a 1 
accg, m « aggggaatct gatcacatct gctatgttc, tgacagegat ggeggegaac 
=gctga«g ccaagctggc ccatgatgtc gcag gggtgg acttaacatg ga c a ^ 

;r 9ta « ~> — - « acgccgc 9 : gtga ::: 

aaactgt a tc cgccggaaat caaagaaaca ceggatgegg egaaaatege aacagaaaaa 
c gaaagaaa tgggaccgtt caaaa aa «g gagct«cca t gg ttatcg 9 t gn ^ g 

IZ 9C t9t99Wtt t99C " Ca9C — ^ a« c 

ca l « CC9 "" Ctt " tatCaCM 9 " Ct9ac " "agaaaga 
ca9ggcgc« ggg ataC9ct cacttggttt gcggcgcttg teatgetege ca,c«cl 
a tgaat„g gca tggt g« ttggttcagt aatgccat9a „ ^ 

tcttggatt, tggcattcat catmaatt gttgtgt att a «,ctctca ct,tt«t« 
9Caag t gcga „ flcccacat cagtgcgatg » "< 

9Cggcgc a c cgccgcnu agcagcg«g ag C «cgcg t tcatcagcL « 
tcaacgactc actaeggtte tggagegget ccggtcttct teggagcagg ctac 
caaggcaaa, gg t gg tccat cggatttatc ^ • - 

9t9 « ggcg gattatggtg 9aMgtacta ggaatatggt a ^ 9 

tc IT """"" Ca " CCttt9 —« "» aa gagaal 5640 

zr 9atctaMta 9aaa99ac " c ~ -— • - 



3960 

4020 

4080 

4140 

4200 

4260 

4320 

4380 

4440 

4500 

4560 

4620 

4680 

4740 

4800 

4860 

4920 

4980 

5040 

5100 

5160 

5220 

5280 

5340 

5400 

5460 

5520 

5580 

5640 
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<210> 23 1049S • 010-DK . ST2 5 . txt 

<211> 27 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> primer 1605 

<400> 23 

gacggccagt gaattcgata aaagtgc 

<210> 24 

<211> 42 

<212> dna 

<213> Artificial sequence 
<220> 

<223> primer 1606 
<220> 

t\Q? "?isc_feature 

<223> n is a, c, g, or t 
<220> 

<221> misc_feature 

<223> n is a, c, g, or t 

<400> 24 

ccagatctct atnktnktgt acggagtcta actccccaag ag 

<210> 25 
<211> 1112 
<212> DNA 

<213> Nocardiopsis dassonvillei dsm 43235 
<400> 25 

gcmtagtt catcgatcgc atcggctgct ccggcccccg tcccccagac ccccgtcgcc 
gacgacagcg ccgccagcat 9accgaggcg ctcaagcgcg acctcgacct cacctcggcc 
» gaggccgagg agcttctctc ggcgcaggaa gccgccatcg agaccgacgc cgaggccacc 
9« 9 gccgcgg gcgaggccta cggcggctca ctgttcgaca ccgagaccct cgaactcacc 
gtgctggtca ccgacgcctc cgccgtcgag gcggtcgagg ccaccggagc ccaggccacc 
gtcgtctccc acggcaccga gggcctgacc gaggtcgtgg aggacctcaa cggcgccgag 
gttcccgaga gcgtcctcgg ctggtacccg gacgtggaga gcgacaccgt cgtggtcgag 
gtgctggagg gctccgacgc cgacgtcgcc gccctgctcg ccgacgccgg tgtggactcc 
tcctcggtcc gggtggagga ggccgaggag gccccgcagg t«ac S cc 9 a catcatcggc 
ggcctggcct actacatggg cggccgctgc tccgtcggct tcgccgcgac caacagcgcc 
ggtcagcccg gtttcgtcac cgccggccac tgcggcaccg tcggcaccgg cgtgaccatc 
ggcaacggca ccggcacctt ccagaactcg gtettccccg gcaacgacgc cgccttcgtc 
cgcggcacct ccaacttcac cctgaccaac ctggtctcgc gctacaactc cggcggctac 
cagtcggtga ccggtaccag ccaggccccg gccggctcgg ccgtgtgccg ctccggctcc 
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27 



42 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 



10495.010-DK.ST25.txt 
accaccggct ggcactgcgg caccatccag gcccgcaacc agaccgtgcg ctacccgcag 
ggcaccgtct actcgctcac ccgcaccaac gtgtgcgccg agcccggcga ctccggcggt 
tcgttcatct ccggctcgca ggcccagggc gtcacctccg gcggctccgg caactgctcc 
gtcggcggca cgacctacta ccaggaggtc accccgatga tcaactcctg gggtgtcagg 
atccggacct aatcgcatgt tcaatccgct cc 

<210> 26 

<211> 48 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Primer 1423 

<400> 26 

gcttttagtt catcgatcgc atcggctgct ccggcccccg tcccccag 

<210> 27 

<211> 45 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Primer 1475 

<400> 27 

Sgagcggatt gaacatgcga ttaggtccgg atcctgacac cccag 

<210> 28 

<211> 354 

<212> prt 

<213> Nocardiopsis dassonvillei dsm 43235 
<220> 

<221> PROPEP 

<222> (1) . . (i 66) 

<220> 

<221> mat_peptide 
<222> (1675.. C354) 

<400> 28 

Ala Pro. Ala Pro val pro „ & Thr pro yal aU ^ Mr a ^ 
Ala ser o Met Thr Glu Ala Leu Lys Ar 9 Asp Leu Asp Leu Thr ser 

XMO -140 

Ala Glu s Ala Glu Glu Leu Leu ser Ala Gin Glu Ala Ala He Glu 

" u -125 

Thr As ?Q Ala Glu Ala Thr Glu. Ala Ala Gly Glu aU q T yr Gly Gly 



900 
960 
1020 
1080 
1112 



48 



45 



page 14 



ser phe As > Th - oiu i& Sf&fttr^u. « Wr Asp 



ijg ser val «. A , ? Glu AU Thr au 

-80 -75 
« ser His Gly I?J Glu 6ly Leu Thr wi AM 

-60 

Oly AU «.. val Pro Clu ser val Ueu « y Trp Tyr pro « ? 

ser asp Thr v„ val val S lu val Leu Glu Gly Ser A|g Ala Asp Va , 
*U Ala ceu Leu aU Asp A]a Gly val Asp sep ^ wi ^ v ^ 
?U clu Ala Glu Glu „. Pro G1 „ va , ^ Ala iu ne g ^ 

- Ala Tyr Tgr ^ Gly Gly Arg ser ^ GJy ^ ^ 

" 20 
Asn ser Ala <=,„ Gln Pro G1y Pge Val T „ r ^ &y ^ ^ ^ ^ 

3 5 

val Jly Thr S1y val Thr lie «y A s„ Gly Thr GJy ^ phe Asn 

||r val Phe Pro Gl y «„ as p aU Ala Phe val Arg Gly T hr ser Asn 

65 70 

"» Thr Leu Thr Asn Leu val ser Ar 9 Tyr Asn ser „ y G1y Tyr Gln 

ou 85 

ser va! Thr gy Thr ser «,„ Ala Pro Ala Gl y ser Ala val cvs Arg 

95 100 H 

ser cl y ser Thr Thr « y Trp „j s Cvs „ y Thr He g „ A ,a Arg Asn 

«« ™ Arg Tyr P ro g„ Gly Thr val Tyr Ser Leu Thr Arg Thr 

A|n val cvs Ala alu Pro Cly A s P ser G l y «. S er Phe He Ser „ y 

i45 150 
ser c,„ Ala «. gy val Thr Ser c, y ffl ser S l y Asn c y s Ser Val 

160 165 
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Gly Gly Thr Thr Tyr Tvr Gin Glu 0 t?V^i°"^ K ' ST25 txt 

170 y yP Gln 6lu val Thr Pro Met He Asn Ser Trp 

175 180 p 

Gly 18§ 116 Ar9 Thr 

<210> 29 
<211> 498 
<212> DNA 

<213> Nocardiopsis dassonvillei dsm 43235 
<400> 29 

«tcc ga ccc cc 9 tccccca 9 accccc 9 tc 9 cc 9 ,c 9 aca 9 c 9 cc 9 cca 9 car 9 ac<: 9 a 9 „„ 
9 c 9 ctcaa 9 c ^acctcga cctcacctc 9 9 cc 9 a 99 cc 9 a 99 a 9 «tct ctc 99 c 9 ca 9 l 20 
9 « 9 cc 9 cca tc 9 a 9 acc 9 a c^cc acc 9 a 99 cc 9 c g99 c 9 a 99 c ctac 99 c 99 c 18 o 
tca C t 9 ttc 9 acac c9 a 9 ac cctc 9 aactc acc 9 t 9 ct 99 tcacc 9 ac 9 c ctcc 9 cc 9 tc 240 
3 a 9 9= 99 tc 9 a 99 ecacc 99 a 9 ccc a99 cc ,cc 9 tc 9 tct cccac 99 cac c 9 a 999 cct 9 30 0 
acc 9 a 99 tc 9 tssawact «ac 99 c 9 cc 9 a 99 ttccc 9 a 9 a 9 c 9 tcct c 99 ct 99 tac 560 
cc 99 ac 9 t 99 a 9 a 9C9 acac cgtcgtjgtc 9 a g9 t 9 ct 99 a 999 «cc 9 a c 9 cc 9 ac 9 tc 420 

IT""' K9 " 9aC9C CMt9tWaC tCCtCCtC " **<">cc 9 a 9 480 

gaggccccgc aggtctac 



<210> 30 

<211> 166 

<212> prt 

<213> Nocardiopsis dassonvillei dsm 43235 

<400> 30 



Ala Pro Ala Pro val Pro Gin Thr Pro val Al 



10 



a Asp Asp ser Ala Ala 



15 

« 

30 

Ala Glu Glu Leu L eu ser Ala Gin Glu Ala Ala He Glu Thr Asp Ala 

Glu Ala Thr Glu Ala Ala Gly Glu Ala Tyr Gly Gly ser Leu Phe Asp 

60 

Thr Glu Thr Leu Glu Leu Thr Val Leu Val Thr Asp Ala Ser Ala val 

75 80 
Glu Ala val Glu Ala Thr sly Ala Gin Ala Thr val val ser His Gly 



I Thr Vo" Ala LCU Lys Ar " 51" L« Asp Leu Thr ser Ala Glu 



Thr Glu Gly Leu Thr Glu val val Glu Asp Leu as„ « y Ala Glu val 

105 110 



60 



498 
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Pro Glu ser Val Leu du -r 104 9 5. 010-DK.ST25.txt 

115 31 LeU Gly Trp 35 Pro Asp val Glu Ser Asp Thr Val 

val val Glu Val Leu Glu Gly ser Asp Ala Asp val Ala Ala Leu Leu 

140 

$}• Asp Ala Gly val «g ser Ser sar Val Arg val Glu Glu Ala Glu 

155 len 



Glu Ala Pro Gin val Tyr 
165 

<210> 31 
<211> 1146 
<212> DNA 

<213> Artificial sequence 

<220> 
<223> 



l5%?a^e S ?nj9 C ? 8 Lrp r ^^ of SEQ id no: 29 fused 

construct: 10R(proAl9l8L2)? " van ant ^coding gene; whole 

<400> 31 

atgaagaaac cttggggaa aattgtcgca agcaccgcac tactcatttc tgttgctttt 
agttcatcg, tcgcatcggc tgctccggcc cccgtccccc agacccccgt cgccgacgac 
agcgccgcca gcatgaccga ggcgctcaag cgcgacctcg acctcacctc ggccgaggcc 
gaggagcttc tctcggcgca ggaagccgcc atcgagacc, acgccgaggc caccgaggcc 
gcgggcgagg cctacggcgg ctcactgttc gacaccgaga ccctcgaact caccgtgctg 
gtcaccgacg cctccgccgt cgaggcg 9 tc gaggccaccg gagcccaggc caccgtcgtc 
tcccacggca ccgagggcct gaccgaggtc gtggaggacc tcaacggcgc cgaggttccc 
gagagcgtcc tcggctggt, cccggacgt 9 gagagcgaca ccgtcgtggt cgaggtgctg 
gagggctccg acgccgacgt cgccgccct, ctcgccgacg ccggtgtgga ctcctcctcg 
gtccgggtgg aggaggccga ggaggccccg caggtctatg ccgatatcat tggaggccta 
gcgtacacaa tgggtggtcg ctgcagcgta ggatttgcag ccacaaatgc agctggacaa 
cctggcttcg tgacagctgg acattgcggc cgcgtcggta cacaggttac tatcggcaat 

ggaa Mggt g tctttgagca aagc9tattt cccgggMt9 atgctacctt 

acgtccaact ttacgcttac taaettagta tctagataca acactggcgg atatgcaact 
gtagcaggtc acaatcaagc acctattggc tctagcgtct gccgctcagg gtcgactaca 
9 gatgg«tt gtggaaccat tcaagctaga ggtcagagcg tgagctatcc tgaaggtacc 
gtaacgaaca tgactcgtac gactgtatgt gcagaaccag gtgactctgg aggttcatat 
atcagcggta cgcaagcgca aggcgttacc tcaggtggat « 99 taactg tagg,ca 9 gt 
ggcacaacg, tctaccagga agtgacacc, atggtgaact cttggggagt tagactccgt 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1146 
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<210> 32 10495 -010-DK.ST25.txt 

<211> 1068 

<212> DMA 

<213> Nocardiopsis Alba dsm 1S647 

<400> 32 

ZLT """"" 9tC " £CaCC CCMat9Ma ««««« 60 

' a9CSC9aC « «ct«c, 99 c CgaC9 a g ct cc tcg a"c u 

r: zzr c ~ 9c — — -l:: : 

Mctccatct tc 9 acacc 9 a cagcctcacc ct 9 acc g «c t 99 «acc 9 a c 9 «tcc 9 cc 240 

tc9a99 «°< ~™ e -a 99t99 « tcgcacgg j tg 9 g " ;° 

~ ::::i:r ect9aac9c9 — ~ 2 

9t 9 c « 1 9 CaC " tC9tC " C9a99t « *■«««« ^««cc 9 ac 420 
9t 99 actc« t 9 «c g « 9 a c 9 « 99 t 9 t g 9 acacc 9 cc g ac g tcaa 9g t 99 a 9 a 9 cacc 480 

~ CC9a9Ct9ta C9CC9M " C atC99 ' 99 " t 99t 9 ; o 

:::: r" c "< 9c -~ -« 999tt C9t ::: c z 

Z « " CaCC " 99tC a9 " tC99Ca aC99 « a »« * 660 

1 CCCC " Caa C9a ««»« 9 cacctc 9 aa cttcacc« g 72 o 

a«aacct g9 tca 9 cc 9 cta caacacccp 9 t Mttacaca cc 9 t«cc 99 ctcctc 9 ca 9 7»0 

°~ — ctgcg :::: 

a act " 9aC «t 9 accc 9 c 900 

accaacgtct 9 c g « 9 a 9 cc c 9g t 9 act« 9g c g9 ctcct tcatctcc gg „ 9 cca 99 cc 960 

I IT 91 " " tCC99t " t9 «— » ^«ccac «acta g 10 o 
°a 99 tcaacc c 9 at 9 ct 9 a g ca 9 ct g99gt ctgaccctgc gcac „ ga *™ 

<210> 33 

<211> 355 

<212> prt 

<213> Nocardiopsis Alba dsm 15647 
<220> 

<221> PROPEP 

<222> (1)..C167) 

<220> 

<222> (1685.. (3 5 5) 
<400> 33 

Ala Thr Pro Leu Pro Gl „ ?n ^ ^ ^ ^ ^ 

"155 

Ala Thr Thr o Met val Glu Ala L a„ 61n Arg Asp Leu Gly Leu ^ 

-140 



>ro ser Sln A1a Asp 0lu Leu ^ ^ ^ ^ ^ ^ 
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_ 135 _1049S.010-DK.ST25.txt 



-125 



Glu m asd Glu Ala Ala Thr Ala Ala Ala Ala Asp ser T yr Gly 

-115 _H0 * * 

Gly ser lie. Phe Asp Thr Asp ser Q Leu Thr Leu Thr Val Leu val Thr 

Asp Ala ser Ala val Glu Ala val Glu Ala Ala Gly Ala Glu Ala Lys 

val val ser His Gly Met Glu Gly Leu Glu Glu He val Ala Asp Leu 

" 65 -60 

Asn Ala Ala Asp Ala Gin Pro Gly val val Gly Trp Tyr Pro Asp He 

-50 _ 45 

His ser Asp Thr Val val Leu Glu val Leu Glu Gly Ser Gig Ala Asp 

val asp ser Leu Leu Ala Asp Ala Gly val Asp Thr Ala Asp val Lys 

val Glu ser Thr Thr Glu Gin Pro Glu Leu Tyr Ala Asp He He Gly 

"° -11 5 

Gly Leu Ala Tyr Thr Met Gly Gly Arg cys ser val Gly Phe Ala Ala 

15 . 20 



Thr Asn Ala ser Gly Gin Pro Gly Phe Val Thr Ala Gly His cys Gly 

3 5 

Thr val Gly Thr Pro Val ser lie Gly Asn Gly Gin Gly val Phe Glu 

Arg ser val Phe Pro Gly Asn Asp ser Ala Phe val Arg Gly Thr ser 

Asn Phe Thr Leu Thr Asn Leu Val Ser Arg Tgr Asn Thr Gly Gly T^r 

Ala Thr val Ser Gly ser ser Gin Ala Ala He Gly ser Gin He Cys 

y * 100 

Arg ser Gly ser Thr Thr Gly Trp His cys Gly Thr val Gin Ala Arg 

Gly Gin Thr Val ser Tyr Pro Gin Gly Thr val Gin Asn Leu Thr Arg 

Thr Asn val Cys Ala Glu Pro Gly Asp ser Gly Gly ser Phe He ser 
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,„ mMn 10495.010-DK.ST25.txt 

135 140 145 

Gly Ser Gin Ala Gin Gly Val Thr Ser Gly Gly ser Gly Asn cys ser 

■•■55 160 165 

Phe Gly Gly Thr Thr Tyr Tyr Gin Glu Val Asn Pro Met Leu Ser ser 
170 175 180 

Trp Gly Leu Thr Leu Arg Thr 
185 

<210> 34 
<211> 43 
<212> DNA 

<213> Artificial sequence 
«220> 

<223> Primer 1421 
<400> 34 

gttcatcgat cgcatcggct gcgaccggcc ccctccccca gtc 43 

<210> 35 

<211> 31 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Primer 1604 

<400> 35 

gcggatccta tcaggtgcgc agggtcagac c 31 

<210> 36 
<211> 1062 
<212> DNA 

<213> Nocardiopsis prasina dsm 15648 
<400> 36 

gccaccggac cgctccccca gtcacccacc ccggaggccg acgccgtctc catgcaggag 60 

gcgctccagc gcgacctcgg cctgaccccg cttgaggccg atgaactgct ggccgcccag 120 

gacaccgcct tcgaggtcga cgaggccgcg gccgcggccg ccggggacgc ctacggcggc 180 

tccgtcttcg acaccgagac cctggaactg accgtcctgg tcaccgacgc cgcctcggtc 240 

gaggctgtgg aggccaccgg cgcgggtacc gaactcgtct cctacggcat cgagggcctc 300 

gacgagatca tccaggatct caacgccgcc gacgccgtcc ccggcgtggt cggctggtac 360 

ccggacgtgg cgggtgacac cgtcgtcctg gaggtcctgg agggttccgg agccgacgtg 420 

agcggcctgc tcgccgacgc cggcgtggac gcctcggccg tcgaggtgac cagcagtgcg 480 

cagcccgagc tctacgccga catcatcggc ggtctggcct acaccatggg cggccgctgt 540 

tcggtcggat tcgcggccac caacgccgcc ggtcagcccg gattcgtcac cgccggtcac 600 

tgtggccgcg tgggcaccca ggtgagcatc ggcaacggcc agggcgtctt cgagcagtcc 660 

atcttcccgg gcaacgacgc cgccttcgtc cgcggcacgt ccaacttcac gctgaccaac 720 
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1049S.010-OK.ST25.txt 

ctggtcagcc gctacaacac cggcggttac gccaccgtcg ccggccacaa ccaggcgccc 780 

atcggctcct ccgtctgccg ctccggctcc accaccggct ggcactgcgg caccatccag 840 

gcccgcggcc agtcggtgag ctaccccgag ggcaccgtca ccaacatgac ccggaccacc 900 

gtgtgcgccg agcccggcga ctccggcggc tcctacatct ccggcaacca ggcccagggc 960 

gtcacctccg gcggctccgg caactgccgc accggcggga ccaccttcta ccaggaggtc 1020 

acccccatgg tgaactcctg gggcgtccgt ctccggacct aa 1062 

<210> 37 

<211> 353 

<212> PRT 

<213> Nocardiopsis prasina dsm 15648 
<220> 

<221> PROPEP 

<222> (1)..(165) 

<220> 

<221> mat_peptide 
<222> (1665.. (353) 

<400> 37 

Ala Thr Gly Pro Leu Pro Gin ser Pro Thr Pro Glu Ala Asp Ala 

-160 -IS 5 

-150 S6r Gln GlU A i!«: Leu Gln Ap 9 AS P Leu Gl y «-eu Thr Pro 

-145 -140 

Le^ Glu Ala Asp Glu Leu Q Leu Ala Ala Gln As^ Thr Ala Phe Glu 

-i2o Asp 6lu Ala Ala A li5 Ala Ala Ala Gly A g 0 Ala T y «iy 

Ser val Phe Asp Thr Glu Thr Leu Glu Leu Thr val Leu Val Thr Asp 

-100 -95 _go 

Ala Ala Ser Val Glu Ala val Glu Ala Thr Gly Ala Gly Thr Glu Leu 
-85 -80 -75 

val ser Tyr Gl^ lie Glu Gly Leu as|> Glu He lie Gln Agp Leu Asn 

Ala Ala Asp Ala val Pro Gly val val Gly Trp Tyr Pro Asp Val Ala 
— -50 -45 

Gly asp Thr val val Leu Glu val Leu Glu Gly ser Gly Ala Asp val 

Ser Gly Leu Leu Ala Asp Ala Gly val Asp Ala Ser Ala Val Glu val 

~ zo -15 -10 
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10495 . 010-DK . ST25 . txt 

Thr ser ser Ala Gin Pro Glu Leu Tyr Ala Asp He lie Gly Gly Leu 
^ **1 1 5 

Ala Tyr Thr Met Gly Gly Arg Cys ser val Gly Phe Ala Ala Thr Asn 



Ala Ala Gly Gin Pro Gly Phe val Thr Ala Gly His cys Gly Arg Val 
" 30 35 

Gly Thr Gin val ser lie Gly Asn Gly Gin Gly val Phe Glu Gin ser 
nu 45 50 55 

He Phe Pro Gly Asn Asp Ala Ala Phe Val Arg Gly Thr Ser Asn Phe 
60 65 70 

Thr Leu Thr Asn Leu Val Ser Arg Tyr Asn Thr Gly Gly Tyr Ala Thr 

val Ala Gly His Asn Gin Ala Pro lie Gly Ser Ser val cys Arg Ser 
yu 95 100 

Gly ser Thr Thr Gly Trp His cys Gly Thr He Gin Ala Arg Gly Gin 

Ser val ser Tyr Pro Glu Gly Thr val Thr Asn Met Thr Arg Thr Thr 

125 130 ~ 135 

val cys Ala Glu Pro Gly Asp ser Gly Gly Ser Tyr lie ser Gly Asn 
140 145 150 

Gin Ala Gin Gly val Thr ser Gly Gly ser Gly Asn Cys Arg Thr Gly 
155 160 165 

Gly Thr Thr Phe Tyr Gin Glu val Thr Pro Met Val Asn Ser Trp Gly 
170 175 180 



val Arg Leu Arg Thr 
185 



<210> 38 

<211> 43 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Primer 1346 



<400> 38 

gttcatcgat cgcatcggct gccaccggac cgctccccca gtc 



<210> 39 
<211> 38 
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<212> ONA 10495.010-DK.ST25.txt 

<213> Artificial sequence 

<220> 

<223> Primer 1602 

<400> 39 

gcggatccta ttaggtccgg agacggacgc cccaggag 38 

<210> 40 

<211> 1062 

<212> DNA 

<213> Nocardiopsis prasina DSM 15649 

<400> 40 





ri r~ f r~ f* ~% 


gtcacccacc 


ccggaggccg 


acgccgtctc catgcaggag 


60 


QCQctccaoc 




cctgaccccg 


cttgaggccg 


atgaactgct ggccgcccag 


120 


Qacaccorri" 




cQaggccgcg 


gccgaggccg 


ccggtgacgc ctacggcggc 


180 


tccatct* trn 


av-av-CycigdC 


cctggaactg 


accgtcctgg 


tcaccgactc cgccgcggtc 


240 


y*yy w yy ^yy 


agyccaccgg 


cgccgggacc 


gaactggtct 


cctacggcat cacgggcctc 


300 


yacgagarcg 


tcgaggagct 


caacgccgcc 


gacgccgttc 


ccggcgtggt cggctggtac 


360 


ccggacgtcg 


cgggtgacac 


cgtcgtgctg 


gaggtcctgg 


agggttccgg cgccgacgtg 


420 


ggcggcctgc 


tcgccgacgc 


cggcgtggac 


gcctcggcgg 


tcgaggtgac caccaccgag 


480 


cagcccgagc 


tgtacgccga 


catcatcggc 


ggtctggcct 


acaccatggg cggccgctgt 


540 


tcggtcggct 


tcgcggccac 


caacgccgcc 


ggtcagcccg 


ggttcgtcac cgccggtcac 


600 


tgtggccgcg 


tgggcaccca 


ggtgaccatc 


ggcaacggcc 


ggggcgtctt cgagcagtcc 


660 


atcttcccgg 


gcaacgacgc 


cgccttcgtc 


cgcggaacgt 


ccaacttcac gctgaccaac 


720 


ctggtcagcc 


gctacaacac 


cggcggctac 


gccaccgtcg 


ccggtcacaa ccaggcgccc 


780 


atcggctcct 


ccgtctgccg 


ctccggctcc 


accaccggtt 


ggcactgcgg caccatccag 


840 


gcccgcggcc 


agtcggtgag 


ctaccccgag 


ggcaccgtca 


ccaacatgac gcggaccacc 


900 


gtgtgcgccg 


agcccggcga 


ctccggcggc 


tcctacatct 


ccggcaacca ggcccagggc 


960 


gtcacctccg 


gcggctccgg 


caactgccgc 


accggcggga 


ccaccttcta ccaggaggtc 


1020 


acccccatgg 


tgaactcctg 


gggcgtccgt 


ctccggacct 


aa 


1062 



<210> 41 

<211> 353 

<212> PRT 

<213> Nocardiopsis prasina DSM 15649 
<220> 

<221> PROPEP 

<222> CD . . (165) 

<220> 

<221> mat_peptide 

<222> (166). .C353) 

<400> 41 
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10495 .010-DK.ST25 .txt 

A llc Thr Gly Pro Leu Pr0 Gln ser Pr ° Thr Pro Glu Ala Asp Ala 
-lt >5 -160 -155 

V ?L Ser Met Gln 61 u Ala Leu Gln Ar 9 Asp Leu Gly Leu Thr Pro 
-ISO -145 -140 

Leu Glu Ala Asp Glu Leu Leu Ala Ala Gln Asp Thr Ala Phe Glu 
~ 13: > -130 -125 

Val Asp Glu Ala Ala Ala Glu Ala Ala Gly Asp Ala Tyr Gly Gly 
-"W -115 -110 

ser val Phe Asp Thr Glu Thr Leu Glu Leu Thr val Leu Val Thr Asp 
~ 105 -100 -95 _ 9 5 

Ser Ala Ala Val Glu Ala val Glu Ala Thr Gly Ala Gly Thr Glu Leu 
-85 -80 -75 

Val ser Tyr Gly lie Thr Gly Leu Asp Glu lie Val Glu Glu Leu Asn 
- ? 0 -65 -60 

Ala Ala Asp Ala val Pro Gly Val val Gly Trp Tyr Pro Asp Val Ala 
-« -50 -45 

Gly Asp Thr val Val Leu Glu val Leu Glu Gly ser Gly Ala Asp Val 
~ 4U -35 -30 

Gly Gly Leu Leu Ala Asp Ala Gly val Asp Ala ser Ala val Glu val 
~ 25 -20 -15 _10 

Thr Thr Thr Glu Gln pro Glu Leu Tyr Ala Asp He lie Gly Gly Leu 
-5 -11 5 

Ala Tyr Thr Met Gly Gly Arg cys ser val Gly Phe Ala Ala Thr Asn 
10 15 20 

Ala Ala Gly Gln Pro Gly Phe val Thr Ala Gly His cys Gly Arg val 
Z5 30 35 

Gly Thr Gln val Thr lie Gly Asn Gly Arg Gly val Phe Glu Gln ser 
40 45 50 55 

He Phe Pro Gly Asn Asp Ala Ala Phe val Arg Gly Thr ser Asn Phe 
60 65 70 

Thr Leu Thr Asn Leu val ser Arg Tyr Asn Thr Gly Gly Tyr Ala Thr 
75 80 85 

Val Ala Gly His Asn Gln Ala Pro lie Gly ser ser val cys Arg ser 
90 95 100 
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Gly ser Thr Thr Gly Trp His cys Gly Thr lie Gin Ala Arg Gly Gin 
105 110 115 

Ser val ser Tyr Pro Glu Gly Thr val Thr Asn Met Thr Arg Thr Thr 
120 125 130 135 

val cys Ala Glu Pro Gly Asp ser Gly Gly ser Tyr lie Ser Gly Asn 
140 145 150 

Gin Ala Gin Gly val Thr ser Gly Gly Ser Gly Asn cys Arg Thr Gly 
155 160 165 

Gly Thr Thr Phe Tyr Gin Glu Val Thr Pro Met Val Asn Ser Trp Gly 
170 175 180 

val Arg Leu Arg Thr 
185 

<210> 42 

<211> 43 

<212> DMA 

<213> Artificial sequence 
<220> 

<223> Primer 1603 

<400> 42 

gttcatcgat cgcatcggct gccaccggac cactccccca gtc 

<210> 43 

<211> 353 

<212> PRT 

<213> Nocardiopsis sp. NRRL 18262 
<220> 

<221> PROPEP 

<222> CD . . (165) 

<220> 

<221> mat_pepti de 
<222> (1665. .(1059) 

<400> 43 

A ] a Thr Gl y Ala Leu Pro Gin ser pro Thr Pro Glu Ala Asp Ala 
-165 -160 -155 

V ?]/x Ser Met Gln Glu Ala Leu Gln Ar 9 AS P Leu AS P Leu T ^r ser 
-150 -145 -140 

Ala Glu Ala Glu Glu Leu Leu Ala Ala Gin Asp Thr Ala Phe Glu 
-135 -130 -125 

V ?L AS P 6lu Ala Ala Ala Glu A "la Ala Gly Asp Ala Tyr Gly Gly 
-120 -115 -110 
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Ser val Phe Asp Thr Glu Ser Leu Glu Leu Thr val Leu val Thr Asp 

-100 -95 -go 

Ala Ala Ala Val Glu Ala Val Glu Ala Thr Gly Ala Gly Thr Glu Leu 
-85 -80 -75 

val ser Tyr Gly He Asp Gly Leu Asp Glu He val Gin Glu Leu Asn 
-70 -65 -60 

Ala Ala Asp Ala val Pro Gly Val val Gly Trp Tyr Pro asp Val Ala 
-55 -50 -45 

Gly Asp Thr Val Val Leu Glu val Leu Glu Gly Ser Gly Ala Asp val 
-40 -35 -30 

ser Gly Leu Leu Ala Asp Ala Gly val Asp Ala ser Ala val Glu val 
-25 -20 -15 -10 

Thr Thr ser Asp Gin Pro Glu Leu Tyr Ala Asp lie lie Gly Gly Leu 
-5 -11 5 

Ala Tyr Thr Met Gly Gly Arg cys Ser val Gly Phe Ala Ala Thr Asn 
10 15 20 

Ala Ala Gly Gin Pro Gly Phe val Thr Ala Gly His Cys Gly Arg val 
25 30 35 

Gly Thr Gin val Thr lie Gly Asn Gly Arg Gly val Phe Glu Gin ser 
w 45 50 55 

val Phe Pro Gly Asn Asp Ala Ala Phe Val Arg Gly Thr ser Asn Phe 
60 65 70 

Thr Leu Thr Asn Leu val ser Arg Tyr Asn Thr Gly Gly Tyr Ala Thr 
75 80 ' 85 

val Ala Gly His Asn Gin Ala Pro He Gly ser ser val Cys Arg ser 
90 95 100 

Gly ser Thr Thr Gly Trp His Cys Gly Thr lie Gin Ala Arg Gly Gin 
105 110 H5 

ser Val Ser Tyr Pro Glu Gly Thr Val Thr Asn Met Thr Arg Thr Thr 
■Ltv 125 130 " 135 

Val cys Ala Glu Pro Gly Asp ser Gly Gly ser Tyr He ser Gly Thr 
140 145 150 

Gin Ala Gin Gly val Thr Ser Gly Gly ser Gly Asn cys Arg Thr Gly 
155 160 165 
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Gly Thr Thr phe Tyr Gin Glu val Thr Pro Met val Asn ser Trp Gly 
170 175 180 

val Arg Leu Arg Thr 
185 
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